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PREFACE. 



In the steam-turbine we are confronted with an 
entirely new series of phenomena. The knowledge of 
steam accumulated by familiarity with the reciprocat- 
ing engine is of little use in designing this newest yet 
oldest of prime movers. Nor can the cut-and-try 
methods that have brought the reciprocating engine 
to its present and, it may almost be said, its final 
stage of excellence be employed in the steam-turbine. 
Modem commercial conditions are such that design 
must be based on ascertained physical laws. 

The development of the steam-turbine within the 
last few years has been remarkable. It has reached a 
position not only of equality with the best modern 
engines, but its high efficiency, its lower first cost, 
smaller size, and ease of operation have placed it in the 
very forefront of steam-engineering practice. 

This rapid advance has necessitated the re-investiga- 
tion of steam from the point of view of velocity instead 
of pressure, of kinetic energy instead of potential, of 
the friction of rapidly moving bodies against a vapor 
instead of a lubricated surface, of the balancing of 

• • • 
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JV PREFACE. 

I)artH so that they shall revolve about their centre of 
gravity, and of numerous other questions which are but 
beginning to make themselves felt. The available data 
an» f(^w, and practically all the information is scattered 
widcily through the pages of French or German scientific 
prriodicals. 

Of all those, the fundamental problem is the propor- 
tioning of the nozzles or passages which shall permit 
tlu^ Htoam to transform its pressure into vis viva. 
Whiles there exists considerable information on this 
Hubj(T.t throughout the scientific press, very little is 
n^liable or in such shape as to be of practical value. 
Tlu^ (^xi)eriments imdertaken by Prof. Rateau on this 
most important feature of steam-turbine design were 
inadc^ when he was beginning his study of the steam- 
turbiiH^ and evidence a care and precision of scientific 
reH(»ar(».h coupled with a keen appreciation of the prac- 
tical that give a report of his results a value to the 
d(\signer too often wanting in the ordinary laboratory 
inveHtigation. 

In the hope that these results may be of some service 
to those who have neither the time nor the inclination 
to study them in the original, this translation has 
b(Mm made. 

H. B. B. 

Chicago, September 1904. 
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EXPERIMENTAL RESEARCHES 



ON 



THE FLOW OF STEAM THROUGH CONVERGENT 
NOZZLES AND ORIFICES IN THIN PLATES. 



I. The operation of steam turbines depends upon 
the flow of steam at a high velocity. In order to be 
able to calculate these machines rationally it is neces- 
sary to have a complete knowledge of the phenomenon 
of the flow of steam. As only brief, incomplete and 
sometimes erroneous ideas are found in the works on 
mechanics and thermodynamics, I undertook extended 
and precise experimental researches in order to verify 
the thermodynamic principles involved. 

The results of these researches, made in 1895-96, 
are here published. We shall see that the theoretical 
formulsB, correctly interpreted, are exactly confirmed, 
and also that the experimental results allow of deter- 
mining very closely the mechanical equivalent of ■ the 
heat unit. 



2 FLOW OF STEAM 

Before describing the method employed I will out- 
line the theory of the phenomenon. 

2. Theory. — ^The flow of elastic fluids through noz- 
zles differs considerably from the flow of liquids as 
soon as the ratio of the pressure in the exhaust to the 

initial pressure ^ becomes appreciably less than unity. 

If at any point in a nozzle 

S te the area of the nozzle, 

V the velocity of the fluid, 

Q the volume of discharge, 

W the weight discharged, 

D the mean density of the fluid in the state in 
which it exists, i.e., homogeneous or heterogeneous, 
while passing the section S, then the voliune of the 
discharge Q is at once given by Q = VSy and the weight 
of the discharge is equal to DQ and is related to the 
section S and the velocity V by the following formula: 

W=DVS . (1) 

If 7) is constant, as in the case of liquids, the section S 
is inversely proportional to the velocity V, and con- 
scMjucntly V always increases as S decreases, but this 
is no longcT true in the case of elastic fluids. As the 
prc^ssure falls the density decreases proportionally, 
whil(^ th(^ velocity increases in such a manner that 
tlu^ product DV first increases, reaches a maximum, 
iiiul then decreases. In the case of gases the maxi- 
mum occurs for a ratio of the pressures equal to 0.52, 
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and for steam when the ratio is in the neighborhood 
of 0.58 whatever the initial pressure may be.^ The 
calculation of this maximum will be given later. It 
follows that when the exhaust pressure is lower than 
0.58P the discharge nozzle, at first convergent, should 
then diverge, if it is desired that the steam shall con- 
tinue to expand so as to reach the speed correspond- 

• 

ing to the fall of pressure from P to p; and the ratio 
of the final section of the nozzle S^ to the section at 
the throat S should vary with the ratio of the pres- 
sures. At the throat the pressure is always equal to 
0.58P, and the velocity, which depends on P only, is 
the same as sound would have in the fluid in the state 
in which it exists at that point of the nozzle, as has 
been shown by Hugonoit (Comptes Rendus de TAcad^- 
mie des Sciences, vol. 103). 

With a given nozzle, if the pressure p into which 
the steam is discharged is lower than the value pi 

S 
corresponding to the ratio -^ of the sections of the 

mouth and the throat of the nozzle, the pressure of 
the steam at the mouth of the nozzle will not be p, but 
Pi, which is in a fixed ratio to the initial pressure P. 
At the moment of leaving the nozzle, the steam en- 
tering suddenly into a space where the pressure is lower 
than in the mouth of the nozzle immediately expands 

^ The value of this ratio which makes DV a maxim um 
appears, however, to depend a Uttle on the value of P in the 
case of steam. 



4 FLOW OF STEAM 

and the jet takes a paraboloid form. The enlargement 
of the jet ceases when the back pressure reaches the 
value pi. 

The discharge is independent of the back pressure 
when that is less than 0.58P. On the contrary, when 
p is larger than 0.58P the discharge depends both 
on P and p. It is necessary to distinguish two very 
different cases, therefore* in the first the calculation 
of the discharge depends only on P and the formula 
is simple; in the second it depends both on P and 
on p. 

For both cases, however, it is the most contracted 
section of the nozzle (the throat if it is convergent- 
divergent, or the mouth if it is simply convergent), 
which enters into the calculation of the discharge. 

The above is only applicable, strictly speaking, to 
nozzles properly so called. In the case of orifices in 
thin plates the coefficient of contraction K, which 

varies with the ratio -p of the pressures, complicates 

the phenomenon. We shall see later on the experi- 
mental values that were obtained for this coefficient. 

3. Equation of Velocity. — ^The velocity V of the 
steam can be calculated bv two different methods, 
either by the ordinary mechanical method having 
given the relations between the specific volume s and 
the pressure p, or by thermodynamics having given 
the thermal constants of the steam, which can be 
ol)taino(l from Regnault's steam tables. 

The first method results in the general formula usu- 
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ally credited to Weisbach, but already pointed out 
by Waatzel and Saint Venant in 1839, 



whch can be integrated when the relation between 
t? and p is known. 

It is always assumed that in the flow of steam through 
nozzles the expansion is adiabatic because the steam 
remains so short a time in the nozzle, some 0.0001 of 
a second, that it cannot give up or receive an appreci- 
able quantity of heat. Now in the case of adiabatic 
expansion of initially saturated steam Zeuner has 
shown ^ that within large limits of pressure we have 
approximately 

yv =» constant, •*•... (3) 

as in the case of gases, but with 7- = 1.035 instead of 
1.41. Putting the value of v calculated by this equa- 
tion in the preceding equation, V is obtained as a 
fimction of P and p. Then from Zeuner's empirical 
formula D=0.587P®***, which gives the density of 
steam as a function of its pressure, we have the fol- 
lowing formula for the discharge when P=0.58P: 

F=15.26P«-^ (4) 

* Mechanical Theory ol H^aXj, 
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W being the weight of steam discharged in granunes 
per second per square centimetre of orifice.^ 

This formula was given by Dr. Grashof (Theore- 
tische Maschinenlehre, Vol. I, iii). 

By the second method, developed by Zeuner, the 

kinetic energy ^ of unit weight of the fluid should be 

equal to the energy represented by the entropy dia- 
gram when the expansion is adiabatic from P to p. 

Putting Tq the temperature of saturated steam 
corresponding to P, T^ that corresponding to p, in 
the entropy diagram (Fig. 1), with entropy <f> as 
abscissa? and absolute temperature T as ordinates, AE 
and DF are the isothermals at the temperatures Tq 
and T^. AD is the curve of entropy for water, and 
EF that for saturated steam. Let B be the point 
corresponding to the state of the steam as it enters 
the nozzle. Now the relative weights of liquid and 
vapor in the mixture represented by the point B are 
proportional to the lengths BE and BA. (We are 
here supposing for the sake of greater generality that 
the fluid is not initially in the state of saturated steam.) 
EC is the line representing the expansion of steam in 
the nozzle. If the expansion is adiabatic, BC is a 

^ In English units this formula becomes 

Tr=0.0166P«»', 

whore IF = pounds discharged per square inch of orifice per 
second and F = absolute pressure in pounds per square inch. 
— Thanq, 
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straight line parallel to the axis of temperatures. 
The total mechanical energy developed by the fluid 
during its complete expansion from the pressure P to 
the pressure p is represented on the diagram by the 
area of the trapezium ABCD, This area is given by 



B 




N 








Fig. 1. 



the simple expression OLj in which is its height (that 
is to say, the fall of temperature from Tq to T^ and 
L its mean length MN, 

When the fall of temperature is small this mean 
length L can be taken in practice equal to the mean 
of the two bases AB and CD ; but if the exact formula 
is required, the trapezium must be divided into the 
rectangle ABCG, equal to OAB, and the triangle with 
curvilinear hypotenuse AGD. If the steam is initially 

T 

saturated, AB is equal to •^, r being the heat of va- 
porization of the water at the temperature T^. 



3^ Fcjjyir c7F .srsur 

Incroducio^ &\ the aiei^haiciical equivalent of heat, 
tbt; tonuuLi for the viftucity beeomes 

Y^^^^EffL. (5) 

aiid if the $U^tuu i$ imtiaUy saturated, we may write 



1*«»29F( jT+oyj* • . • . 



(6) 



C being the stpecific heat of the liquid and T being 

noiirly the arithmetic mean — ^^ — ' of the extreme 

teiu{.)orHturetJu 

Thiiii is the simplest fonn of the equation by which 
th<* velocity of the flow of steam can be calculated. 
It sup^)Os^N* a knowledge first of the temperatures cor- 
!is|K)iuUng to the pressures; second, the heat of vapor- 
i/*alioa of tht* liquid; third, the specific heat of the 
liquiil. 'I1h^> values are given for water by Regnault's 
(al»U\H with an approximation more than sufficient 

i- Ci4UuUtlon of the Weight of Discharge. — In order 
(o vwlvHil'vlv^ the weight of discharge, the velocity of 
iK'w. ll»v^ vlousity of the steam at the section of the 

»» \v \Mul\^r o\M\siileration, and the quantity of liquid 

lunur.l slyjuuM: tho juUabatic expansion must be ascer- 

irvl ri\i'» liquid is entrained in the steam and 

4\\A\ \\\A\'^ \\\i\\ it a homogeneous mixture. 

iv \l\ m^jIIv oju\ bo obtained from Regnault's tables 

uf-^nn mI rl.M)M\vron's formula. It has already been 
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calculated and is generally found in a supplementary 
column added to Regnault's tables. 

The quantity of liquid formed can be calculated 
from the entropy diagram, or can be taken from a 
chart, as I have shown in my Rapport sur les Turbines 
k Vapeur.^ The proportion of water thus obtained is 
1— X, where x is the quality of the steam. 

Neglecting the specific volume of the liquid com- 
pared with that of the steam (which is many hundred 
times larger), we have for the weight of discharge 

X 

Conversely, being given a weight W of steam discharged 
by a nozzle, we can calculate by this formula the area 
necessary when the pressure has any given value p. 
An example of this calculation will be given later. 

In the fu'st place, however, it should be noted that 
the two methods employed in calculating the velocity 
and weight of discharge while differing in form are 
really identical, because it was from Regnault's tables 
that Zeuner deduced his empirical formula connecting 
the pressure and specific volume of a mixture of steam 
and water during an adiabatic expansion, so that both 
methods are based finally upon Regnault's tables; 
that is to say, on the experimental data of thermody- 
namics. 

^ Memoir presented to the Congr^s International de M6ca- 
nique, 1900. Rev. de M^canique, Augvist l^Qft. 
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curve by which the nozzles of steam turbines can be 
calculated rapidly for each particular case. 

This curve is utilized in the following manner. Hav- 
ing the initial pressure P and the final pressure p to 
which the steam is required to expand, we take from 
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the ctirve the ordinate corresponding to the abscissa in- 
dicated by the value of the ratio ^. This ordinate is 

then the radius of the final section of the nozzle, the 
section at the throat having the minimum ordinate of 
the curve as its radius. 

It is true the curve will be slightly different for differ- 
ent initial pressures, but for the needs of practice the 
variation can be neglected. 

6. Practical Formula for Discharge. — When the nozzle 
is convergent and the final pressure p is less than 0.58/* 
the discharge depends only on P, because then the pres- 
sure p at the mouth of the nozzle ia always equal to 
0.58P. Calculating the discharge W v^t Maiii. %sfe%- "^ 
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W 

the mouth of the nozzle, or calculating the ratio p-, 

which varies little, we find results such as are indicated 
in the following table. 

W 

Table of the Theoretical Values of — . 



p 


p 





'^ 1 ^ 


V 


D 


X 




W 




T ' 2T-d 


P 


kg/cin2 

10 

5 

2 

1 


kg/cm2 
5.8 
2.9 
1.16 
0.58 


degrees 
22.258 
19.337 
16.310 
14.459 


1.0875 
1.2028 
1.3530 
1.4639 


m/sec kg/m^ 
449 .19 3. 0570 
439.851.5950 
428.42 0.6738 
420.04 0.3507 


0.9650 
0.9650 
0.9670 
0.9697 


142.30 
72.70 
29.85 
15.19 


14.23 
14.54 
14.92 
15.19 



w 

The theoretical formula -^ = 15.20 — 0.96 log P gives the same figures as 
in the last volume to within about unity in the last order 

In order to ascertain the relation between the value of 

this ratio and the pressure we may plot as abscissae, not 

lengths proportional to P, but lengths proportional to log. 

W 
P, and as ordinates the values of the ratio p- obtained 

from Regnault's tables. The points thus obtained 
range themselves almost exactly on a straight line from 
the value P = l kilogramme per centimetre to P = 13 
kilogrammes per square centimetre. The digressions 
do not exceed one-tenth of one per cent, as will be seen 
by the curve on Plate II, where the points calculated 
from theory are marked by dots surrounded by circles. 
We can then write the following very simple empirical 

formula: 

W 

-p=a-6 log P (7) 
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a and h being two constants for which the best values 
are a = 15.20 and 6=0.96, the discharge being given as 
before in grammes per second per square centimetre 
of the mouth of the nozzle. 
This formula can also be replaced by the following, 

to which it is practically equivalent in practice ( — being 
small) : 

W^aF -\\oge, (8) 

e being the base of the natural logs, or in figures 

TF=15.20P«-9725 (9) 

1 

This is the form in which the formula is given by Gras- 
hof. (Grashofs formula is TF = 15.26P^»725 when the 
coefficient of discharge is equal to unity. ^) 

In practice the first form is the most convenient and 
is the one I have recommended. 

We will see that our experiments lead to slightly 
increasing the coefficient 15.20 and bring it to exactly 
the value 15.26 adopted by Grashof. 

EXPERIMENTS. 

7. Previous Experiments. — Previous to the work 
which I now publish and of which the complete re- 

^ In certain German works a formula is given as Grashof* s 
in which the coefficient is a little smaller than 15.26 (by about 
1%) in order to allow for the contractiorv oi \Xi<& \^\.. 
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suits are given, we possessed several series of experi- 
ments on the flow of steam; especially in France those 
of Minary and R^sal in 1861 ; ' and more recently 
those of M. H, Parenty in 1891 '; in .\merica tho33 of 
Napier in 1866'; then those of Peabody and Kun- 
hard in 1888 and 1890,' and Miller and Read in 1895 '; 
in England the experiments made quite recently by 
Rosenhfun in 1899' All these authors have used the 
same method, consisting in condensing the steam after 
it has passed through the nozzle under test in a surface 
condenser, and then weighing the water thus condensed 
during a certain lapse of time. 

This method, which may be called the direct method, 
presents many inconveniences, however. 

Firstly: One cannot operate on large nozzles without 
difficulty because a very large condenser is necessary 
for the experiments, and it is desirable to employ large 
nozzles — first, because then we approach the condi- 
tions .of practice, and, second, the effect of friction 
and the thermal influence of the walls are reduced. 

Secondly: The duration of a series of experiments ia 
imavoidably long, since for each measurement it is 
necessary to wait until a considerable quantity of water 
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has been condensed, which involves each trial lasting 
ten to fifteen minutes. 

Thirdly: The method is not very precise because of 
the incessant variation of the steam-pressure. It is 
very difficult, in fact, to maintain the pressure of a 
boiler practically constant during some ten minutes, 
and the variations are reproduced at the nozzle. This 
involves taking averages, which complicates the experi- 
ment and renders it less precise. 

Fourthly and finally: The entr^ned moistiu^ is 
weighed in addition to the steam discharged, and con- 
sequently the measurement is falsified by a correspond- 
ing quantity nearly equal to the proportion of water, 
so that results obtained by this method are generally 
too large. For example, on the difigrimi in Plate II 
some of R^sal's results are plotted (by triangles), and 
it will be seen that they are about 3 per cent too 
high. Those of Rosenhain and other authors give 
similar results. 

8. Actual Experiments. — ^To avoid these sources of error 
all readings should be completed in a very short interval 
of time, as soon as the steady state of flow is properly 
established. The experiments can then be made rapidly 
and precisely. I achieved this result by the application 
of a new and indirect method consisting in condensing 
the steam discharged by the nozzle in a current of 
very cold water and at the same instant measuring the 
total dischai^e of water and the rise in its temperature. 
This method is founded on the use of an ejector con- 
denser. The total quantity of water flowing after CQ-a.- 
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being nearly 1 per cent, or one half of 1 per cent, above 
or below the mean. The initial and final pressures were 
obtained by different gauges. At first metallic gauges 
were used and afterwards a mercury manometer pro- 
vided with three-way cocks which allowed of the 
branches being placed in conmiimication either with 
the atmosphere or with the interior of the pipes, when 
the pressure or the difiference of pressures did not 
exceed 1 kilogramme per square centimetre. I was 
thus able to measure by this mercurial manometer 
either the initial or final pressures or their difference. 
The principal reading, that of the initial pressure P, 
was ordinarily made by means of a large Bourdon 
gauge especially constructed for my experiments and 
reading to ji^ of a kilogranune, which for 5 kilor- 
grammes mean pressure corresponds to a mean ap- 
proximation of 0.2 per cent. The mean head H on 
the nozzle for measuring the water discharged was 
about 450 millimetres. As the error of reading was 
less than ^ millimetre, the error in calculating the 
discharge could not exceed an average of one in 1800. 
The coefficient of discharge of the nozzle was pre- 
viously tested. The error which could enter into 
this determination, which will be described later on, 
was a few thousandths at the most. 

The diameter of the steam-nozzles was obtained with 
great precision by means of. mandrels calibrated to ^-J^j- 
of a millimetre. As the mean diameter was 15 milli- 
metres, the error in the diameter could attain 1 in 1500, 
or in the area 1 in 750, 
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temperature of the parts exposed to radiation between 
the steam-nozzle and the discharge thermometer was 
generally much less than 100*^ C. during the experi- 
ments, it may be admitted that the radiation was less 
than 0.6 kilogrammes per hour, while the discharge 
was on the average 500 kilogrammes, or a loss of twelve 
ten-thousandths at the most. Finally, it may be 
observed also that the influence of radiation has the 
same effect as the entrained moisture and could cause 
only a deficit in the calculated quantity of steam, 
while we shall see that the experimental results give 
somewhat larger figures for the discharge than those 
calculated theoretically from Regnault's tables.- 

A difficulty arose in measuring the water discharged 
on account of the air contained in it. This air, at first 
dissolved in the water, is set free imder the influence 
of the vacuum in the condenser and remains in this 
state up to the nozzle used for measuring the water, 
so that if precautions were not taken the discharge 
from this nozzle would be a mixture of water and air. 
Under these conditions measurements of the quantity 
of water discharged would have been erroneous. This 
difficulty was overcome as shown in Plate I by arrang- 
ing a separator in the tank below the water-nozzle by 
means of which the air was disengaged and carried to 
the uj)j)or portion of the tank, where it was discharged 
t!ir()Ui!:h :i suuill nozzle three millimetres in diameter, 
which permitted of its being measured. The water 
ilis('hari2:(Ml by the principal nozzle was then quite clear 
and free from air. 
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and replace part of the heat lost by the reduction of the 
flow of steam; so that, finally, if the calculation be 
made, it is found that the actual deficit of heat will 
be only about half that corresponding to the propor- 
tion of water. This method, then, evea if it does not 
eliminate the influence of the entrained water com- 
pletely, reduces that influence by one half; and further, 
the error is in the opposite direction to that produced 
in the surface-condenser method. In place of adding 
to the discharge it decreases it. 

But I arranged to avoid entrained moisture as far 
as possible, and also to measure its amount. A sepa- 
rator was placed in the steam-supply pipe just before 
the nozzle, and between this separator and the nozzle 
a sample of the steam was taken which was analyzed 
in an apparatus especially designed for this object, 
which permitted the moisture in the steam to be meas- 
ured. In practice I never had more than two to three 
one-thousandths of water in the steam after passing the 
separator, so that the error in the measurements caused 
by the entrainment of water should be less than fifteen 
ten-thousandths. 

As to the effect of radiation, though the apparatus 
was not lagged, this was relatively very small because 
of the large discharge of steam. In order to ascertain 
the importance of the loss of heat by radiation, I passed 
a small current of steam at atmospheric pressure through 
the apparatus and weighed the water condensed by 
the cooling action of the walls. The quantity thus 
obtained was 2.3 kilogrammes per hour. As tVv^ wv^-ii.^ 
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10. Arrangement of the Apparatus. — The experi- 
ments were made during the winter of 1895-96 at St. 
Etienne, in the factory of Bietrix & Company, who 
obligingly placed at my disposal a boiler capable of 
giving 1000 kilogrammes of steam per hour at a pres- 
sure of 15 kilogranmies per square centimetre. The 
experiments were made in winter so as to be able to 
use cold water at a temperature of about 6*^ C. and ob- 
tain arise of 40° to 50° C. 

Three convergent nozzles were tested successively, 
then an orifice in a thin plate; finally we tested a con- 
vergent-divergent nozzle. The convergent nozzles are 
shown in Plate II. They had a final diameter of 10.49 
millimetres, 16 millimetres, and 24.20 millimetres respect- 
ively. The thm-plate orifice, also shown in Plate II, 
had a diameter of 20.12 millimetres. 

In order to make all the necessary readings the 
arrangement of apparatus was somewhat complicated. 
It is represented in perspective at the left and diagram- 
matically at. the right of Plate I. 

T is the nozzle under test arranged in the joint / be- 
tween the steam-supply pipe N and the exhaust-pipe B, 

The supply-pipe N had an inside diameter of 60 
millimetres. The exhaust-pipe D (ifliside diameter 120 
millimetres) was fitted with a plate p forming a screen 
for the current of steam leaving the nozzle so as to 
break up the jet. 

A is the ejector condenser. The condensing water 
enters by the pipe C and leaves by the pipe D, 

S is the water-nozzle of the condenser. Tlve dv^taxssifc 
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from the hot water leaving the condenser. This tank 
is divided about the middle by a semicircular baffle 13 
under which the air collects. The bubbles rise to the 
upper part of the tank by the pipe 14, and the air flows 
into the atmosphere by the small nozzle J. The pres- 
sure of discharge of the air is measured by the water- 
gauge 19. 

F is the nozzle for measuring the discharge of water. 
It has a final area of 10.99 square centimetres at 15° C. 
The head imder which the flow takes place is measured 
by the water-gauge hh. Adjacent to this gauge is a 
thermometer t^ by which the temperature of the gauge 
could be measured and the density of the water de- 
duced. 

(j is a barrel havmg a capacity of 350 litres into which 
the water is discharged by the nozzle and serves to 
calibrate the nozzle. The barrel is provided with a 
glass tube KK, allowing the exact level of the water to 
be ascertained. Further, a baffle 17, arranged in the 
arc of a ch*cle, receives the jet of water in a thin film so 
that it falls into the barrel without shock and without 
disturbing the surface of the water. 

il/j, M2, Afg are the pressure-gauges for measuring 
the initial and final pressures at the steam-nozzle T, 

The mercury manometer is shown at cd. One of the 
branches c communicates with either the high-pressure 
side of the nozzle or the atmosphere by means of the 
three-way cock 11; the other branch d communicates 
with either the atmosphere or with the discharge side 
of the nozzle by the three-way cock 10. By r^^^-^v^ 
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The reading of the pressure-gauges presented no 

vlitJiv'ultY. For pressures below 10 kilogrammes per 

svjuHiv centimetre I employed the standard gauge M^, 

juul for pn\^^ures above this the standard gauge il/j. 

lUU tl\o management of the mercury manometer offered 

\ ilitliculties. The steam condensed in the tubes 

{\xi^ mercury and formed colunms of water often 

lip with air-bubbles, and the reading of the 

»r(rr hii<l to be corrected for these broken col- 
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unins of water. On account of this the readings of the 
mercury manometer were not always as exact as I 
could have wished. When the columns of water were 
not discontinuous, as sometimes happened, the cor- 
rection could be made with certainty. 

The thermometers e and / were plunged in small iro 1 
wells penetrating into the interior of the pipes convey- 
ing the water. These thermometer-cups were filled 
with mercury, so that the transmission of heat was 
very rapid. In fact the reading of the thermometers 
became steady in a few seconds. It may be asked 
whether these thermometers really indicated the true 
mean temperatures of the water. In the case of ther- 
mometer e, placed in the current of cold water, there 
can be no doubt that this was so, for the temperature of 
the cold water varied very little: But in the case of 
thermometer /, plunged in a current of water which was 
necessarily but little homogeneous, immediately at the 
outlet from the ejector, this was more doubtful, especially 
as the temperature of this water varied greatly from 
one experiment to another. I think, however, that the 
readings of these temperatures were always very close 
to the true mean, because on putting a thermometer 
into the water at the mouth of the nozzle F, where 
the temperature had evidently become imiform through- 
out the mass of water, I found that this thermometer 
always gave the same reading as thermometer / to 

within one tenth of a degree, sometimes more, some- 

* 

times less. This difference may be attributed to 
the walls of the tank E not inmiediately reach.- 
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here for the formula for the discharge are not identical 
with those in my Rapport sm* les Turbines k Vapeur 
au Congr^s de Mecanique Appliqu6, 1890.^ 

12. Calibration of the Water-nozzle. — The deter- 
mination of the total weight of water discharged de- 
pends upon the coefficient of discharge of the water- 
nozzle. Consequently it was necessary to measure this 
coefficient with the utmost possible accuracy at the 
outset. This calibration was repeated several times. 
The diameter of the mouth of the nozzle was 37.4 
millimetres at 15° C. 

Two glass reference-marks were fixed in the barrel 
into which the water was discharged by the nozzle, 
and the water contained in the barrel between these 
two points was carefully weighed. At an interval of 
two months the weights obtained were 278.2 kilo- 
grammes and 278.05 kilogrammes at about 15° C. ; so 
that the error to be allowed for in this measurement was 
not more than one in two thousand. 

While the head H measured by the water-gauge hh 
remained quite constant, the time required to fill the 
barrel between these two marks was noted with a 
good seconds chronometer. To give an idea of the 
approximation obtained I produce below the calibra- 
tion measurements made on the 27th and 30th of Janu- 
ary, 1896. (See the Table below.) 

* This report was drawn up hurriedly a few days before the 
Congress. The portion relating to the flow of steam contains 
some errors which are rectified here. 
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obtained an approximation certainly to one one-thou- 
sandth. 

13. Results of the Experiments. — ^Three convergent 
nozzles were tested successively, and then an orifice in 
a thin plate. The nozzles and the orifice, which were 
of bronze, are represented to scale in Plate II. The 
convergent nozzles had, as I have already said, a diam- 
eter at the mouth of 1-0.49 millimetres, 15.19 milli- 
metres, and 24.20 millimetres, respectively, at 15*^ C. 
The thin-plate orifice had a diameter of 20.12 milli- 
metres at 15*^ C. These diameters were measured with 
great precision to 0.01 millimetre, and the orifices were 
previously corrected by passing calibrated mandrels 
through them so as to render them as perfectly circular 
as possible. 

The results of the experiments and the calculations are 
given in the tables attached to this paper. The ex- 
periments are numbered 1 to 152; eleven have not been 
transcribed because they appear to me to contain very 
large accidental errors. These are numbered 9, 38, 56, 
57, 58, 61, 82, 83, 84, 91, and 92; number 47 may also 
be omitted. 

The first column 'of the tables gives the number of 
the experiment. Colimins 2 and 3 are the absolute 
initial and back pressures. These figures are corrected 
from the observed readings and represent the true 
values. For example, a small quantity, about 0.01 
kilogramme, due to the velocity of the steam in the 
supply-pipe, has been added to the initial pressure as 
indicated by the gauge. The gauge readixv^ \^ ^^ \j^ 
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specific heat of the water between the temperatures 
Iq and ^1, X the weight of steam discharged per second 
by the nozzle, and Q—X the quantity of injection water 
supplied to the condenser, the water resulting from 
the condensation of the steam being at the tempera- 
ture ^1, then the quantity of heat given up by the 
steam ^ H^XiX—CQ, while the quantity of water 
Q— Z is heated from t^ to t^ and absorbs {Q—X)C{t^-' Q 
heat units. We have then the following equation: 

Z(A-CO = (Q-X)C(<,-0, 
whence 

where d^t^-^to. 

The quantity of heat A is given by the formula or 
by Regnault's Tables, and the specific heat C of the 
water Ls given by the well-known expression 

t t^ 

(7= 1 + 0.477^,-0.9- 
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The steam discharged, calculated in this manner, 
expressed in grammes per second,ts given in column 10 
of the tables. 

Dividing by the area of the nozzle, we have the dis- 
charge per square centimetre in column 11. 

^ During the expansion of the steam in the nozzle a certain 
quantity of heat is transformed into mechanical energy, but 
this quantity is immediately and entirely given back again 
by the destruction of the kinetic energy of the jet, so that 
it is quite correct to take X(X — Ct^) as the quantity of heat 
^ven up by the steam, 
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between it and the throat of the condenser could be 
varied by the handle g. By means of this nozzle the 
current of steam entering the condenser could be throt- 
tled. 

X is a cock on the steam-supply pipe operated by 
the handle 18. This cock enabled the initial pressure 
at the nozzle to be varied at will, while the back pres- 
sure could be varied similarly by the condenser-nozzle 
S. 

J is a centrifugal separator. The separated water 
is discharged by the cock 1 and the pipe 2. 

L is the apparatus for measuring the moisture remain- 
ing in the steam. The description of this apparatus 
is given in Annales des Mines. ^ It is composed of a 
coil 4 heated by a flame 5, and a combining-chamber 6. 
The sample of steam obtained by the cock 3 is sepat*ated 
into two equal portions. One half goes directly to 
the combining-chamber, while the other is superheated 
in the coil 4. The mixture is discharged by the regulat- 
ing angle-valve 9. 

The superheat in the half passing through the coil 4 
is measured by the thermometer ^3, and the superheat 
of the mixture by the thermometer ^2- The pressure in 
the chamber is observed by the gauge M^. The moist- 
ure in the steam is obtained from the readings of these 
two thermometers and the gauge. 

E is a sheet-iron tank in which the air is separated 

^ A. Rateau. Appareils servant k mesurer rhumiditd d'une 
vapeur. Annales des Mines, April 1897. 
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from the hot water leaving the condenser. This tank 
is diviiled about the middle by a semicircular baffle 13 
under which the air collects. The bubbles rise to the 
upper part of the tank by the pipe 14, and the air flows 
into the atmosphere by the small nozzle J. The pres- 
sure of discharge of the air is measured by the water- 
gauge 19. 

F is the nozzle for measuring the discharge of water. 
It has a final area of 10.99 square centimetres at 15° C. 
The head tmder which the flow takes place is measured 
by the water-gauge hk. Adjacent to this gauge is a 
thermometer t^ by which the temperature of the gauge 
could be measured and the density of the water de- 
duced. 

G is a barrel having a capacity of 350 litres into which 
the water is discharged by the nozzle and serves to 
calibrate the nozzle. The barrel is provided with a 
glass tube KK, allowing the exact level of the water to 
be ascertained. Further, a baffle 17, arranged in the 
arc of a circle, receives the jet of water in a thin film so 
that it falls into the barrel without shock and without 
disturbing the siirface of the water. 

JWi, Mj, Mj arc the pressure-gauges for measuring 
the initial and final pressures at the steam-nozzle T. 

The mercury manometer is shown at cd. One of the 
branches c communicates with either the high-pressure 
side of the nozzle or the atmosphere by means of the 
three-way cock 11; the other branch d communicates 
with either the atmosphere or with the discharge side 
of the nozzle by the three-way cock 10. B^ mawss. 
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fii f.hf-?4*^ thrp^-way cocfc* the initud or ftnriJ pressures 
or f.hf! difffrrfrnce between them coul<l be meaj?areil as 
the r:a#*e rerjuirefl. In ailrlition the baronoetric height 
anri the temperature of the .^surrounding air were care- 
fully o^)«e^v'efl .so as to obtain the absolute value of 
fiie rea<iinfjj.H of the manometer. 

The tem()eraturefl t^ and f^ of the current of water before 
and after pacing through the conctenser were measured 
by the thermometers e and /. These mercury ther- 
mometerH were graduated to twentieths of a d^ree 
and were previously compared very carefuDy with a 
Bandits j*tandard thermometer. I also reduced the 
j^eale to that of the air-thermometer, so that with the 
excf»ption of the displacement of the zero, regarding 
which I will s|>eak immediately, all temperatures are 
given to within one twentieth of a d^^'ee less, or one 
tenth of a degrvo moix*, than the scale of the air-ther- 
tnotnotor. 

II. Remarks. — S<miio ol^serN'-ations are necessary on 
th(^ s\il\j(vt of moiisuring the principal temperatures 
and jMvssurc^s. 

'X\\K^ ivading (^f the pressure-gauges presented no 
tlifliiMilty. For pn^ssun^s Mow 10 kilogrammes per 
^'Pi:M>^ contimotiv 1 omplowi the stAnilard gaugp J/j, 
•in.i for pnw<\nvs alxn'o this the standani gauge J/,. 
p,,t t',., 'v.-iTv-iiTonvnt of the mercur>' niaiK>n>?tCT offered 
:,... ,;*', riT:,^. Tho stoara cv^v^enis^xl in the tubes 

, N . '• . ' , ", ;.'A :r^i fornw. ov>'u:uns of welter crften 
Vt • ^» -' * • -*^ ;;vVn^<. ^:vv the rvtiM^tiog of the 

■x ,Ny':%\ u\; :Vxr th«i^ hn^am col- 
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unins of water. On account of this the readings of the 
mercury manometer were not always as exact as I 
could have wished. When the columns of water were 
not discontinuous, as sometimes happened, the cor- 
rection could be made with certainty. 

The thermometers e and / were plunged in small iro 1 
wells penetrating into the interior of the pipes convey- 
ing the water. These thermometer-cups were filled 
with mercury, so that the transmission of heat was 
very rapid. In fact the reading of the thermometers 
became steady in a few seconds. It may be asked 
whether these thermometers really indicated the true 
mean temperatures of the water. In the case of ther- 
mometer e, placed in the cvirrent of cold water, there 
can be no doubt that this was so, for the temperatvire of 
the cold water varied very little; But in the case of 
thermometer /, plunged in a current of water which was 
necessarily but little homogeneous, immediately at the 
outlet from the ejector, this was more doubtful, especially 
as the temperature of this water varied greatly from 
one experiment to another. I think, however, that the 
readings of these temperatures were always very close 
to the true mean, because on putting a thermometer 
into the water at the mouth of the nozzle F, where 
the temperature had evidently become uniform through- 
out the mass of water, I found that this thermometer 
always gave the same reading as thermometer / to 
within one tenth of a degree, sometimes more, some- 
times less. This differpnce may be attributed to 
the walls of the tank E not inmiediately reach.- 
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ing their steady temperature after a change of con- 
ditions. 

The thermometers used were made of ordinary glass. 
I had them carefully compared, as I said, with a stand- 
ard Baudin thermometer to obtain the necessary cor- 
rections, if possible, to one twentieth of one degree. 
Unfortunately I found out too late that I had been 
wrong in not using a good thermometer made of 
hard glass for measuring the temperature of the hot 
water. I thought that up to 50° C. the displacement 
of the zero occasioned by the expansion of the glass 
could be neglected. I found that it was not so, how- 
ever. 

My first calculations having disclosed an error of 
more- than 1 per cent between the experimental results 
and the theoretical figures, I suspected that the ther- 
mometer was incorrect, and standardized it again de 
novo. I found that its zero was displaced fully two 
tenths of a degree when it was subjected to a tempera- 
ture of 50°, which was sometimes exceeded in my ex- 
periments, and that the zero returned to its original 
position when cold. This annoying variation in the 
zero was sufficient to render some of my results incor- 
rect by over 1 per cent. 

To reduce this influence to a minimum I ascertained 
the mean position of the zero due to the changes of 
temperature dming several successive days. Finding 
that this mean differed by 0.15° from that which I had 
first obtained, I corrected all mv results bv this amount. 
For this reason the chart and the conclusions given 
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here for the formula for the discharge are not identical 
with those in my Rapport sur les Turbines k Vapeur 
au CongrSs de Mecanique Appliqu^, 1890.^ 

12. Calibration of the Water-nozzle. — The deter- 
mination of the total weight of water discharged de- 
pends upon the coefficient of discharge of the water- 
nozzle. Consequently it was necessary to measure this 
coefficient with the utmost possible accuracy at the 
outset. This calibration was repeated several times. 
The diameter of the mouth of the nozzle was 37.4 
millimetres at 15° C. 

Two glass reference-marks were fixed in the barrel 
into which the water was discharged by the nozzle, 
and the water contained in the barrel between these 
two points was carefully weighed. At an interval of 
two months the weights obtained were 278.2 kilo- 
grammes and 278.05 kilogrammes at about 15° C. ; so 
that the error to be allowed for in this measurement was 
not more than one in two thousand. 

While the head H measured by the water-gauge hh 
remained quite constant, the time required to fill the 
barrel between these two marks was noted with a 
good seconds chronometer. To give an idea of the 
approximation obtained I produce below the calibra- 
tion measurements made on the 27th and 30th of Janu- 
ary, 1896. (See the Table below.) 

^ This report was drawn up hurriedly a few days before the 
Congress. The portion relating to the flow of steam contains 
some errors which are rectified here. 
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A cause of error which was very difficult to eliminate 
was the expansion of the nozzles while the steam was 
passing through them. While the coefficient of expan- 
sion of the bronze was known to be 1 in 600, the tem- 
perature at the end of the nozzle could not be ascer- 
tained exactly, but it could be estimated certainly to 
within 40 degrees, and this was sufficiently close, be- 
cause the resulting error was then less than 1 in 1500 
in the diameter, or 1 in 750 in the area. 

To sum up, then, all the individual errors of the 
different readings, that due to the displacement of the 
zero of the thermometer at the discharge excepted, are 
of the order of one to three one-thousandths. Added 
together they would give a total accidental error in the 
calculated results exceeding 1 per cent, but taking one 
with another, the mean error would be probably not 
more than a few thousandths. 

Two sources of error must be examined which are 
inseparable from the method adopted: firstly, the 
entrained moistvire, and, secondly, the effect of radia- 
tion from the apparatus. 

Regarding the entrained water it should be remarked 
that our method avoided this cause of error as far as 
possible. Because if there were, for example, 1 per 
cent of entrained moisture, this quantity would tend 
to reduce slightly the velocity of discharge of the steam 
passing through the orifice, and consequently to dimin- 
ish the total quantity flowing per second. But, on the 
other hand, some of the heat contained in this water 
will be given up to the water leaving the condenser 
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obtained an approximation certainly to one one-thou- 
sandth. 

13. Results of the Experiments. — ^Three convergent 
nozzles were tested successively, and then an orifice in 
a thin plate. The nozzles and the orifice, which were 
of bronze, are represented to scale in Plate II. The 
convergent nozzles had, as I have already said, a diam- 
eter at the mouth of 10.49 millimetres, 15.19 milli- 
metres, and 24.20 millimetres, respectively, at 15° C. 
The thin-plate orifice had a diameter of 20.12 milli- 
metres at 15° C. These diameters were measured with 
great precision to 0.01 millimetre, and the orifices were 
previously corrected by passing calibrated mandrels 
through them so as to render them as perfectly circular 
as possible. 

The results of the experiments and the calculations are 
given in the tables attached to this paper. The ex- 
periments are numbered 1 to 152; eleven have not been 
transcribed because they appear to me to contain very 
large accidental errors. These are numbered 9, 38, 56, 
57, 58, 61, 82, 83, 84, 91, and 92; number 47 may also 
be omitted. 

The first column 'of the tables gives the number of 
the experiment. Columns 2 and 3 are the absolute 
initial and back pressures. These figures are corrected 
from the observed readings and represent the true 
values. For example, a small quantity, about 0.01 
kilogramme, due to the velocity of the steam in the 
supply-pipe, has been added to the initial pressure as 
indicated by the gauge. The gau^e reaAvxv^ \^ ^^ \^ 
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the static pressure only, while the true initial pressure 
on the nozzle is the sum of the dynamic pressure and the 
static pressure. 

Colunm 5 gives the head H on the axis of the water- 
nozzle,^ and the figures correspond to the temperature 
of the water flowing through the nozzle. 

Colmnns 6 and 7 indicate the temperatures t^ and 
ti before and after the ejector condenser. As I have 
explained above, these are reduced to the readings of 
the air-thermometer. The difference between these 
figures gives the rise in temperature ^i— ^o ^^ the water 
(colunm 8). 

The volume of water discharged was obtained by 
the formula 



Q=KS\/2yH, (11) 

where Q = cubic centimetres per second, 

/S^=area of the nozzle in square centimetres, 
X = coefficient of discharge =0.975, 
-ff=head in centimetres. 
The area S of the nozzle is corrected for expansion 
at the temperature of the current of hot water. The 
weight discharged in kilogrammes per second is written 
in column 9. 

The quantity of steam flowing per second is then 
calculated by means of the total discharge of water 
and from the temperatures t^ and t^. Calling A the 
total heat of the steam above 0° C, and C the mean 

* This wfiis a brass nozde» 



THROUGH CONVERGENT NOZZLES, ETC, Zl 

specific heat of the water between the temperatures 
<o and ^1, X the weight of steam discharged per second 
by the nozzle, and Q—X the quantity of injection water 
supplied to the condenser, the water resulting from 
the condensation of the steam being at the tempera- 
ture t^y then the quantity of heat given up by the 
steam ^ H=X{X—Ct^, while the quantity of water 
Q— X is heated from t^ to t^ and absorbs {Q—X)C{tx— Q 
heat units. We have then the following equation: 

X{X^CQ^(Q-X)C{t,-Q, 
whence 

^=^a:^C ^'^^ 

where d^t^-^to. 

The quantity of heat A is given by the formula or 
by Regnault's Tables, and the specific heat C of the 
water is given by the well-known expression 

(7=1 + 0.47^,-0.9-^ 
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The steam discharged, calculated in this manner, 
expressed in grammes per second,ts given in colunm 10 
of the tables. 

Dividing by the area of the nozzle, we have the dis- 
charge per square centimetre in column 11. 

* During the expansion of the steam in the nozzle a certain 
quantity of heat is transformed into mechanical energy, but 
this quantity is immediately and entirely given back again 
by the destruction of the kinetic energy of the jet, so that 
it is quite correct to take X(A — C/J as the quantity of heat 
^ven up by the steam. 
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A remark is necessary here. What value should be 
taken for the area of a nozzle? The diameter I have 
given is measured cold (15° C), while under the action 
of the current of steam the nozzle becomes heated and 
expands. It is impossible to know exactly what to 
take for the temperature of the walls, because the cur- 
rent of steam has a varying pressure and also a varying 
temperature during its passage tlu*ough the nozzle; 
and further, the walls are subjected to different tem- 
peratures at different points. It seems to me to be 
useless to try to calculate the true temperature of 
the nozzle in each experiment. 

I adopted finally a mean temperature of 120° C. and 
based the calculations on the diameters corresponding 
to this temperature. This is one of the difficulties of 
these researches on the flow of steam and also on the 
flow of gases. To eliminate this cause of error entirely, 
it would be advantageous to employ metals ha\'ing a 
very small coefficient of expansion, such as the new 
alloys of iron and nickel. When my experiments were 
made, however, these alloys were not yet known. It 
is unnecessary to give too much importance to this 
cause of error. The variation of temperature of the 
nozzle did not differ by more than about 40° C. from 
the mean temperature adopted (120° C), and for bronze 
40° corresponds to a linear expansion of one in fifteen 
hundred, so that the error in the area did not exceed 1 
in 750, or but little more than one tenth of one per cent. 

Finally, the last colunm of the table gives the ratio 
of the discharge of steam W to tlie initial pressure P 
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when p is less than 0.58P; or the ratio of the actual 
discharge W to the maximum discharge W^ when the 

ratio % is greater than 0.58. These two cases are 

always distinguished in the tables, because in the first 

case the discharge depends on the initial pressure P 

which is constant (as is p), while in the second case it 

depends on the back pressure also. 

We will now examine the results of the experiments 

and compare them with those given by theory. 

W 
14. Convergent Nozzles. — ^The ratio -5- varies but 

slightly. It oscillates about the value 15. A very 
clear chart can be made by plotting as ordinates the 
value of this ratio, as is done on Plate II, where I have 
taken as abscissae the logarithm of the initial pressure. 
This graphic representation is very satisfactory because 
the origin of the coordinates is a long way off the 
paper, so that variations of only 1 per cent correspond 
to a relatively large height. To give an idea of the 
amplification of the ordinates, I have drawn the lines 
ah and a'6' corresponding to a difference of 1 per cent 
above and below the theoretical line AB. It will be 
seen that the majority of the points lie above the 
theoretic line AB, Only a few points are more than 
2 per cent away from this line. If the mean distance 
of the experimental points from the theoretical curve 
be taken for each nozzle, the following results are 

found: 
For the nozzle 10.49 millimetres diameter (21 



i 
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of these three-way cocks the initial or final pressures 
or the difference between them could be measured as 
the case required. In addition the barometric height 
and the temperature of the surrounding air were care- 
fully observed so as to obtain the absolute value of 
the readings of the manometer. 

The temperatures ^o and t^ of the current of water before 
and after passing through the condenser were measured 
by the thermometers e and /. These mercury ther- 
mometers were graduated to twentieths of a degree 
and were previously compared very carefully with a 
Baudin standard thermometer. I also reduced the 
scale to that of the air-thermometer, so that with the 
exception of the displacement of the zero, regarding 
which I will speak immediately, all temperatures are 
given to within one twentieth of a degree less, or one 
tenth of a degree more, than the scale of the air-ther- 
mometer. 

II. Remarks. — Some observations are necessary on 
the subject of measuring the principal temperatures 
and pressures. 

The reading of the pressure-gauges presented no 
difficulty. For pressures below 10 kilogrammes per 
square centimetre I employed the standard gauge M^ 
and for pressures above this the standard gauge il/z- 
But the management of the mercury manometer offered 
some difficulties. The steam condensed in the tubes 
above the mercury and formed columns of water often 
broken up with air-bubbles, and the reading of the 
manometer had to be corrected for these broken col- 
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iinins of water. On account of this the readings of the 
mercury manometer were not always as exact as I 
could have wished. When the columns of water were 
not discontinuous, as sometimes happened, the cor- 
rection could be made with certainty. 

The thermometers e and / were plunged in small iro 1 
wells penetrating into the interior of the pipes convey- 
ing the water. These thermometer-cups were filled 
with mercury, so that the transmission of heat was 
very rapid. In fact the reading of the thermometers 
became steady in a few seconds. It may be asked 
whether these thermometers really indicated the true 
mean temperatures of the water. In the case of ther- 
mometer e, placed in the current of cold water, there 
can be no doubt that this was so, for the temperature of 
the cold water varied very little: But in the case of 
thermometer /, plunged in a current of water which was 
necessarily but little homogeneous, immediately at the 
outlet from the ejector, this was more doubtful, especially 
as the temperature of this water varied greatly from 
one experiment to another. I think, however, that the 
readings of these temperatures were always very close 
to the true mean, because on putting a thermometer 
into the water at the mouth of the nozzle F, where 
the temperature had evidently become uniform through- 
out the mass of water, I found that this thermometer 
always gave the same reading as thermometer / to 

within one tenth of a degree, sometimes more, some- 

« 

times less. This difference may be attributed to 
the walls of the tank E not inmiediately reack- 
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here for the formula for tlu.^ dischargp are not identical 
with those in my Ilapport Hur les Turbines h, A'apeur 
au Congr^ de Mecanique Ajipliqiie, 1890.^ 

12. Calibration of the Water-nozzle. — The deter- 
mination of the total weight of water discharged de- 
|.iends upon the coefficient of discharge of the water- 
nozzle. Consequently it was necessary to measure this 
coefficient with the utmost possible accuracy at the 
outset. This calibration was repeated several times. 
The diameter of the mouth of the nozzle wa.s 37.4 
millimetres at 15° C. 

Two glass reference-marks were fixed in the barrel 
into which the water was discharged by the nozzle, 
and the water contained in the barrel between these 
two points was carefully weighed. At an interval of 
two months the weights obtained were 278.2 kilo- 
grammes and 278.05 kilogrammes at about 15° C. ; so 
that the error to be allowed for in this measurement was 
not more than one in two thousand. 

While the head H measured by the water^auge hh 
remained quite constant, the time required to fill the 
barrel between these, two marks was noted with a 
good seconds chronometer. To give an idea of the 
approximation obtained I produce below the calibra- 
tion measurements made on the 27th and 30th of Janu- 
ary, 1896. {See the Table below.) 

' This report was drawn up hurriedly a few days before the 
Congress. The portion relating to the flow of st«ana contains 
Bome errora which are rectified here. 
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i6. Experiments with P larger than 0.58P. — When 
the back pressure is larger than 0.58P the flow depends 
not only on the initial pressure P, but also on the back 
pressure p. The results can be best represented by 
taking the ratio of the actual discharge W to the maxi- 
mum discharge Wm, which occurs when the back pressure 

W 
is less than 0.58P. This ratio rp^^ — is then practically 

independent of the ratio -p of the pressures. The 

points can be plotted on cross-section paper and the curve 

W p 

of T^r— as a function of % constructed. 

yy m -* 

For the experiments where p was larger than 0.58P 
the tables give, in column 12, the theoretical maximum 
discharge Wm calculated by the formula given above: 

F„» =P(15.20- 0.96 log P), . . . (14) 

W 
and in column 13 the ratio ^^. 

yy m 

The results of these experiments have been plotted 
in this manner on Plate III, the results for each of the 
three convergent nozzles experimented on being differ- 
ently indicated. 

It will be seen that the points fall very well on a 
curve of the elliptic form, as was pointed out by M. H. 
Parenty.^ As I have remarked above, the larger de- 



^ Annales de Chimie et de Physique, May 1896. 
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obtained an approximation certainly to one one-thou- 
sandth. 

13. Results of the Experiments. — ^Three convergent 
nozzles were tested successively, and then an orifice in 
a thin plate. The nozzles and the orifice, which were 
of bronze, are represented to scale in Plate II. The 
convergent nozzles had, as I have already said, a diam- 
eter at the mouth of 10.49 millimetres, 15.19 milli- 
metres, and 24.20 millimetres, respectively, at 15° C. 
The thin-plate orifice had a diameter of 20.12 milli- 
metres at 15° C. These diameters were measured with 
great precision to 0.01 millimetre, and the orifices were 
previously corrected by passing calibrated mandrels 
through them so as to render them as perfectly circular 
as possible. 

The results of the experiments and the calculations are 
given in the tables attached to this paper. The ex- 
periments are numbered 1 to 152; eleven have not been 
transcribed because they appear to me to contain very 
large accidental errors. These are numbered 9, 38, 56, 
57, 58, 61, 82, 83, 84, 91, and 92; number 47 may also 
be omitted. 

The first colunm 'of the tables gives the number of 
the experiment. Colunms 2 and 3 are the absolute 
initial and back pressures. These figures are corrected 
from the observed readings and represent the true 
values. For example, a small quantity, about 0.01 
kilogramme, due to the velocity of the steam in the 
supply-pipe, has been added to the initial pressure as 
indicated by the gauge. The gauge readviv^ \s> ^^ V^ 
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specific heat of the water between the temperatures 
^0 and ^1, X the weight of steam discharged per second 
by the nozzle, and Q—X the quantity of injection water 
supphed to the condenser, the water resulting from 
the condensation of the steam being at the tempera- 
ture ^1, then the quantity of heat given up by the 
steam ^ H=X{X—CQ, while the quantity of water 
Q—X is heated from ^^to^iand absorbs (Q— X)(7(^i— O 
heat imits. We have then the following equation: 

X{X-Ct,) = {Q-X)C{t,-Q, 
whence 

^ = ^A^.' (12) 

where 6=t^-'tQ. 

The quantity of heat X is given by the formula or 
by Regnault's Tables, and the specific heat C of the 
water is given by the well-known expression 

(7=1 + 0.47^,-0.9- ^ 
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The steam discharged, calculated in this manner, 
expressed in grammes per second,ts given in colunm 10 
of the tables. 

Dividing by the area of the nozzle, we have the dis- 
charge per square centimetre in column 11. 

* During the expansion of the steam in the nozzle a certain 
quantity of heat is transformed into mechanical energy, but 
this quantity is immediately and entirely given back again 
by the destruction of the kinetic energy of the jet, so that 
it is quite correct to take X{X-CQ as the quantity of heat 
given up by the steam, 
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specific heat of the water between the temperatures 
^0 and ^1, X the weight of steam discharged per second 
by the nozzle, and Q—X the quantity of injection water 
suppUed to the condenser, the water resulting from 
the condensation of the steam being at the tempera- 
ture ^1, then the quantity of heat given up by the 
steam ^ H=X{X—CQ, while the quantity of water 
Q—X\b heated from ^^to^iand absorbs {Q—X)C{t^—Q 
heat imits. We have then the following equation: 

X{X^Ct,) = {Q-X)C{t,^Q, 
whence 

^=^A^V (12) 

where 6=1^—1^, 

The quantity of heat X is given by the formula or 
by Regnault's Tables, and the specific heat C of the 
water is given by the well-known expression 

C=1 + 0.4tL-0.9-^ 
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The steam discharged, calculated in this manner, 
expressed in grammes per second,ts given in colunm 10 
of the tables. 

Dividing by the area of the nozzle, we have the dis- 
charge per square centimetre in column 11. 

^ During the expansion of the steam in the nozzle a certain 
quantity of heat is transformed into mechanical energy, but 
this quantity is immediately and entirely given back again 
by the destruction of the kinetic energy of the jet, so that 
it is quite correct to take X{X — Ct^ as the quantity of heat 
given up by the steam, 
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discharge. But for the nozzle with 9® convergence 
the experimental curve CD departs considerably from 
the theoretical curve, particularly towards the origin. 
It would seem that there was some systematic error 
in the series of measurements relative to this nozzle. 

The results obtained by the two thin-plate orifices lie 
very nicely along the curve EF on Plate IV. Taking 
the ratio between the ordinates of this curve and those 
of the curve AB for convergent nozzles, we find figures 
which increase along a straight line in the same way as 
was obtained in the case of steam. That is to say, the 
points representing these ratios which are plotted on 
the chart lie very exactly on a straight line GH tangent 
to the curve EF for the thin-plate orifice. The origin 
of this line is 0.629, while Hirn found by direct experi- 
ment that for small differences of pressures the coeffi- 
cient of discharge for thin-plate orifices was 0.633. 

Comparing the curves thus obtained for the flow of 
air with those obtained for the flow of steam, it will be 
noticed that they are entirely analogous and can be 
almost superposed. There is always this difference, that 
the theoretical maximum of the curves for air occurs 

at -^ = 0.526, while for steam it occurs at -^=0.58. It 

will be noticed also that the straight line which repre- 
sents the ratio of the coefficient of discharge for thin- 
plate orifices to that for convergent nozzles for steam 
lies about 2 per cent above the corresponding line for air. 
I am unable to decide whether this difference is due to ex- 
perimental errors or to the different nature of the fluids. 



THROUGH CONVERGENT NOZZLES, ETC. 



47 






CS) 






o 
U 



CM 
00 



e 05 

^ 00 

CO 1-H 



^ 



1 


r-H 


ftj 


•§ 




o 


o 


^ 


& 


^ 


t-H 




§ 


• 


1 


s 



a> 



Is 



_5t> C 






00 



o 

CO 






Pi 



ot 



i-H t^ t^ O 00 CO C^ 



CO 1-H 



^^p ^9^ ^^n ^M^ ^M^ ^M^ ^9^ ^^^ ^^^ ^^5^ 



OQ 



xcoxc)t«FHFHC^coa) 

Tj<C0OC005»0ONO^ 

wcowodi^i-iiNi'«*«FHO 






r^r^iCc^oi^Qi-Hwo 

05coor^ww»J5ooi^ 

O -^ W b- X 00 fH X fH o 

W W N 1-H 1-H fH fH 1-t fH 



•a fell 

s 



1-H O Q5 O pi 1-H 

rf o »C CO CO CO 



X 

wo 



COCOCOCOCOCOCOCOCO CO 






00 



OiOiCiOQCOOOXXi-^ 

i-nocmoo»coo«5oiO> 

lCOO»Oi-Hcdi-Hl>i-HN 

rl<TjHTj<COCOCSICS|i-HWes| 



«s 

u 

a 






0»OiJf5iOO»00»0»CO 
iOOcOO'tCOCOCOCO»0 



s 



co»Of-iiN.coxcor^x 

'^'^-fCOCOWC^WC^ 



a 



^ «o 



TjHiOTj<u5»J5xr^oco»o 

lO^&C^&CcOcOcO^^ 



1 



31 



a;a 



« a§ 



to 



lO &c ^ 



SOWQi-Hr+*lOO>COCO 
XQOOOsobi^r^r^w 



.2 



e-Ift, 



iC'^FHWCOr^QCOCOrf 
iCOOI^OSi-hXOOOfH'^ 

^,Hi— 1-ic^if-ic^cixr^ 

OOOOOOOOCl'^ 



e* 



11 






'tl^t't'tCOOiCOcOiC 
'^iCTfiTfrfiOXO^'«!l< 
FHFHi-Hf-Hi— IfHOrHi-HCb 

d d d d d d o d d ^' 



M 



COCOCOOXC^X-^TfO 
C^»0'^rfOiO'^COi-HFH 

dxxr^co»C'«^cO'^'^ 






i-HC^CO"^»CcOt>»XOf-i 



48 



FLOW OF STEAM 



O 



r 



Oi 



00 



CO '"I* 

^ *• 

e 

o ^ 

CO 

T— ( 



CO 
Oi 
00 















•2 

«s 









^oa)FHOQcpi-4C4X^a)r^r^ 

Oi01'-<COOO»Ci-H»0050t*»0"^ 

cowcO'*i^wcoco5iw»ci^o 
cdocor^o6i^cowQO»C"^coco 



3| 



iococot»ooo»coci^oDor^ 



o 



oocdt«Qcoioc^i-^a)o^c^x 
cocooooxciO)^cpt»ooa) 



— ** ?- w 

oS ^ S Z 

Q 



ScoiOFHOt-t-xco-ijeo^co 

COCOCOCOCOCOCOCOCOCOClCOC>l 






00 



a)Oo5^cox>cotcxx>o 

Q -^ OJ '^ wj ci wj "^ X W "^ Q Tf 



9 

g 

3 

s 



eS 

2 



c l^ 



»HOC0XOOXXWC^WC^^ 
COXl^l^i-HfHC0050»C»OcOC^ 

^icaJ'^fwoJcsidicoodcoQ 



a 



C^XCO'^ 



i>- 1>» i^ w i^ o r^ w 



vhOOOCOcOCOCOCOcO^^^ 






»o 



iCiCiC »o 



1-H X d ^ ^ 



pQ5Tr<Cig 



l».l^ 

« 



^XOCOQQ^COI^QQCOO 

SCOOOOOXfH"^»CQc5fH 
ot^^Oi-H»o»o«bicxcmN. 

OOOi-Hi-Hi-HOOOC0'^C0»0 

ddddddddddddd 



Z 0) 
c « 

K (» 



«s 
c 



,:4 



i-Hi-Hf-Hi-Hi-Hl-Hf-Hi— (C^CO^ 



I .Xi 



1-1 3* 



CO 



^4 



oooooooooo 


• • • 

fH Oi-H 




QC0t>.C0Q 
XOSiCOO 




C^ »-H 1-H 1— t 1-H 


^C^ W^^ COC^Id 



»C:0t>.Xa>O»-HC^C0t»Cc0t^ 
CSC^CS(Mt>4C0C0C0C0C0CQCQCQ 



THROUGH CONVERGENT NOZZLES, ETC. 



49 



^ 
t* 

s 



ps 



o 



00 



00 



052 



00 

o 

I 



»o 



eS 



QQ 



2 

3 

g 

t 

H 



OD 

£ 

Oh 

3 






CI 






S05 i-H In. iO C^ C^ 00 00 



Oi t rf CO 



^^^ ^^^ ^^^ ^^^ ^4^ ^4^ *^^ ^^ ^4^ ^^ ^^^ ^^^ ^^ ^^^ ^5^ ^^n 



cr 

OD 



^ 



COt^^OOiOOWOCOObOO^»C?100 
COWi-H»C'^'^COCOC^»0;0?0»0»0«00 






t^X'^C^»CC0C0C0^Tt<Q0FHFHO"^»C 

»or^iN.xc^i05C^oo^ob«5»oc^"^or^ 

lOcpXCOO-^OSCOl^OOi-HWOOC^Il^-iO 



9^ 






CS| X 1-1 O '^ fH N CO CO "^ 

r-iQX»0'* coesi»-io»o 



cocococococococococococococococo 






tf 



S.gf 



00 






l>. 



•go 

a 



Tt^C^05»COOi05 looser 05C0 05 CO ^ CO 
XC^X05CO"^'^»C»C«OJt^05C^i-<005 


005t>.COCOC^f-i005»«»C»C»0'^l>-«0 


r-<cC»0r^XOi-<«0^i-i»0i0<:0C0O»0 
O'^COCOXC^COC^C^XOC^iC'^COO 


Xt>.«0 005 05Xt^COFHC^C^i-iOCOCO 
C^(NCS|CO5lC^IC^C^C^COCOCOCOC0COC0 


t>.T-«coc^oi^c^i-'(N05«ogir^r^'*c^ 


t^xx«o«o«o«ocococo«o«ocococo«o 



M 



^►^2 2 



iC 



t^co 



iC »0 CO iC iCiO »c »o 



cci-ic^0'^05cocor^»co0'*cooo 



X xr^osoi XX 

^ if5 »0 »C iC iC »Jf5 



IC 



.^co«oxxt^t>.t^o 






M 



•a s 



cq 



c^ios«oo»Ci-i05t^»oxr^r^cO'^x»-H 

iCCO'^'^'^OTfiiCiCcOcOCOCO'^C^CO 

C^C^C^1-Hl— (1-Hf-Hl-Hl— ll— ll— (l— 1»-(1— l»-Hf-H 

oooooooooooooooo 
oooooooooooooooo 

COOOSiOiCiO-rt^TfCOOiOiOSiOiCiOiC 

C^ (N ^ ^ rH '^ rH ^_ rH rH ^^ ^^ ^^ f-J ^ ^^ 

oooooooooooooooo 

COC^O'TfrHXXOO'^C^TftTflCO"^'^ 

f-HTfit>.t>.'rt^O5TfiO5'*C0'^'*i-i"^X»C 

OXt^-OOOOXXi-Hi-Hi-HrHOi-lrH 



o 



050'-^"^^t^XOOCOTt^iCOt>.XO 
t>-XXXXXXX0050i00505050 



so 



FLOW OF STEAM 



^ 
^ 

s 



1 



-_^ 



00 



1 



;o 









o 












2 




• 


o 


iC 


"**< 


w 




"S^k 


04 


CO 

• 


CO 

• 


CO 

• 


CO 

• 




a 








1-I 




1-H 


Discharged, 


00 










s 


CO « 

1-H 






csi 


00 


00 


05 


Oi 






o 

1-^ 


05 

■ 

o 


• 

o 


CO 

• 

o 






Hm 




CO 


CO 


CO 

1-I 


CO 


CSI 




u "3 9 




fH 


iC 


lO 


1-H 


r>. 


i_ 


;{«.$$ 




o 


o 




o 


O) 




O) 




00 


X 

csi 


csi 




-2 




§ 


s 


s- 


X 


ss 




gg2c 


GO 


1-H 


o 


o 


o 


o 


1 




CO 


CO 


CO 


CO 


CO 


1 ... 


H 














1 


faO 




o 


»o 


s 

• 


iC 


l« 


• 


1- 




o 

• 


• 


• 


CO 

• 


lire 


s~ 


I' 


r^ 


CO 


CO 


CO 


CO 


^ 




CO 


CO 


CO 


CO 


CO 


1 ^ 


H-1 














' u 


















M 














C 


c 




(N 


l^ 


l^ 


r^ 


t^ 


> 


'£: o 




Gi 


Oi 


05 


O) 


O) 


tr" 


Q^ *Cl 


CO 


• 


• 


• 


• 


• 




c 




»C 


l« 


»o 


»c 


W5 




U 














( 


"3 .i ® 




• 


• 


• 


• 


• 






»o 


c^ 


s 


s 










CO 


CO 


CO 


CO 


CO 








CO 


r^ 


'^ 


X 


"**< 




c 




lO 


CO 


CO 


X 


't 






"* 






C2 


IS 


Jo 






o 


o 


o 


o 


o 


d) 


« 














3 


08 O 




Oi 


"**< 


O) 


-^ 


05 




00 


c^ 


Tj< 


t^ 


OS 


C ^^v 


cc 


• 


• 


• 


• 


• 


S 

u 






-^ 


iC 


lO 


»c 


iC 




^ 














0) 


CI 




^t 


• 


05 


o 


CO 


^ 
o 


w 


• 


"-r 


• 


• 


Vj 


S & 




o 


o 


d 


o 


o 


Si 




rH 


^^ 


rH 


fH 


^H 


< 


•^ M 
















• 


»H 


s 

1-< 


1-^ 

o 

1-t 


c^ 

o 

1-< 


1-I 


1-I 



THROUGH CONVERGENT NOZZLES, ETC. 



SI 






p> 










fH 


CO 


CO 


CO 


05 


o 




Q 


fH 


o 


o 


r-i 


X 


fH 




l^lft, 2 




• 


»-H 

i' 

• 


»-H 


• 
»-H 


fH 


• 


7 » 


i 

• 


fH 

• 


i 

• 


• 


eS 


1-H 


CO 


^ 


rf 
w 


CI 


CI 







00 


l>- 


00 


iC 


C3 


X 


§ 


3i o 


• 


• 


• 


CO 

• 




1-H 


^^ -^ 


S3 


s 

fH 


s 

fH 


fH 
*-H 
»-H 


fH 
1-H 
fH 


fH 
fH 




_^ u 


CO 


c^ 


g 


w 


i-H 


MS 


Total 
Water 
Dis- 
chargee 

kg8/8e< 

9 


M 


»c 


CO 


1-H 


»o 


CO 


CO 


CO 


CO 

CO 


CO 
CO 


CO 
CO 




-* 


CO 


»o 


s 


22 


l^ 


1-H 






CO 


rH 


o 


-^ 


CO 




iC 


o 


o 


1-H 


1-H 


1-H 




f-H 


<N 


(N 


CI 


CI 


CI 




H 


















g 


C3 

CO 


05 


s 


s 


§ 


£ 


5^ *^ 


1-H 


iC 


»c 


CO 


CO 


r^ 




c^ 


c^ 


w 


CI 


CI 


CI 


g 
















ti 














g 


c 


l^ 


t^ 


t^ 


t^ 


Oi 


t^ 


« 


** O «A 


CO 


•^ 


"^ 


'^ 


t 


'* 


H 


©1- W 


• 


• 


• 


• 


• 


• 






CO 


iC 


»o 


lO 


lO 


\n> 




U 


















CI 




1-H 


i 


s 

'^ 


s 




w ^ a 


















CI 


a 


»o 


lO 


CI 


CI 




o 


1-H 


00 


00 


l^ 


^ 


l^ 




*5 Alft. "* 


;s 


o 






z 


CO 




^ 


o 


o 


o 


o 


o 


o 

1 


• 




^ 


CO 


CO 


CO 


r^ 


t, ! 


3 


i 


s 


1-H 


s 


SB 


1-H 


Qm 


fe a 


o 


o 


o 


o 


o 


o 


5 


•s s, 


Oi 


X 


a 


o 


s 

• 

1-H 


'^ 


9 


• 

1-H 


• 

1-H 


• 

1-H 


CO 

• 

1-H 


CO 

• 

fH 




• 

O rM 


|s 


<v3 

CO 


s 


s 


s 


1 






-•j^^r. ^ if r 



. I 



/, 






r. rf -^ tT ~ ^ ?r 7 ^ — 

:^ r; TT :c 71 Ti fi fi r* r* 



ri ri — Tl 71 71 I- 71 71 71 



£ 3 = 



I- -r Z 
"iT ic -r 



r: «.': »-• ^ 7i 7i 

i*C X -r — L* 
tc i3t -r-r-r — 



iC -C — « 1^ :c X X LT Ci 

^ ^m ^1 l^« ^^ *^ ^1 ^ »^ "^^ 

•C X — "-t 71 X 1^ ?C — X 

T ?C rC 71 — M CC T L- c: 










Z 2J s 5 "" 1 *2 rr *^ i£ 



t-xctc — 54r7"r».t;r 



THROUGH CONVERGENT NOZZLES, ETC, 



S3 



5«. 



« 






CO 

I 

06 



i^ia. 2 



08 



O 



1-1 00 00 
CO 00 CO 



CM 



CO 

cm' 



CO 



I 



CO 



00 

g 



■♦J 

1 
US 
< 









& 



CM 



o 

Ci 






»c 






3| 



10 
CO 



CM 



00 
CO 



CO 

CO 



CM 

CO 







o 



CO 



CO 



CO 



•s^ 






00 



CO 



CO 



CO 

CM 

CO 



00 



I 



CO 

o 



00 

o 



o 



CO 









w^'is^ 



»o 



00 
CM 



CO 

Ci 
CO 



00 
CO 






•a s 

• pH go 

b Si 

Jt4 



w 



CO 



CO 
CO 



CM 






»0 






CM C^ CM 



»0 



CO CO 



CM 

CO 



CO 



CO 



s 



CM 

00 



CO 






i-H CM 



o 

CO 



CO 

CO 
CM 



»0 
CM 



a 

CM 



So 


CM 

X 


s 


fe 


52 

00 


»o 


»o 


»o 


»o 


»o 






»o 


»c 





»c 


■^ 


X 


»o 


CM 


t^ 


"* 


CM 

CO 


05 
CO 

• 


05 


^ 


s? 



Ci 



1— I »-^ 1— I CM i-^ 



"oJ I 
►S Si 



ci 



o 

S5 



10 

CO 






to 

CO 



o 

CO 



CO 

X 



o 

X 



CO CO 



CO 



CM 

CO 



X 
C: 

CI 



CO 

CO 



54 



FLOW OF STEAM 






^ 



X 2: 



5 ^ 



S •: 



00 






"Sfep. 2 



•ceS5SKSS 



'T •© 



I 



u = 



n = 



s$ 



s 



s 



s 



CO 



"3 fc i fel 



C4 

CO 



C4 



3 



CO CO 



CO 
CO 
CO 



CO 






t-O 




fc. _ 




^fe 


— 


^ <N 




S T-^ 




1^ 


i 


22 O 


3 


^ -^ 


■s 


V. 


? 


«*4 


i 




CM 



00 
CO 

x* 



X 



CO 

CO 






o 

C4 









6C 

c 

•C o 

•t-t 
G 



i 00 



s 



CO 



CM 



o 

CM 



CO 

CO 






CO 
CM 



O) 






o 



r'^ 



1-1 X 

o n" 
o o 



X 

o 



CM 

o 



o 



3 3 



3 




O 



CO 

CO r^ 





• 


3S 


cc 


t* 
t^ 


3 


si 


S 


CO 




g 


2 


CO 


CO 


S 


S 


s 




^ 


9 


5S 


oa 


^^ 


t* 


^N 


-^ 


X 




CO 


«£ 


t* 




^N 


9 







X 
CO 



c 






CM ^ 

CM CO 



CO 
CM 

§ 



CO 



CM 



CO cp 1-1 
^ w c^ 



CO 



CM 



CM 

1— « 


CM 


Is. 

1-1 


& 


1^ 


OS 


8 


CM 

OS 


sO 


CO 


CO 


iC 


»o 


iC 


»c 


»c 


CM 




»0 


»o 




c^ 


t^ 




»0 


lO 


1—1 


CO 


CO 


X 


p 


^ 


S 


s 


»0 


<5 


^*w 




So 


s 



X 



• 

o 


• 

o 


• 

o 


• 

O 


• 

o 


• 

o 


• 

o 


• 

o 


OS 


OS 


p 


OS 


© 


OS 


OS 


OS 


CO 


CO 


fl 


Tt< 


o 


o 


Is. 


CO 


CO 


CO 


CM 


CM 


^ 


*^ 


*^ 


1-t 


o 


o 


o 


O 


o 


o 


o 


o 


CO 


CO 


CM 


lO 


5 


CO 


iC 


•^ 


cc 


OS 


i-» 


OS 


CM 


OS 


t* 


CM 


X 


OS 


CO 


•^ 


•^ 


"^ 


•^ 


»0 


CO 


CM 


»o 


"^ 


CO 


lO 


"^ 


-^ 


lO 


CO 


t^ 


X 


OS 




1—1 


1—1 




1-t 




f-l 


"^ 


1-^ 



THROUGH COXVEROEXr SOZZLES, ETC. 



55 



< ^ 






5» 



(N 



o ^ 



^ 






o 

CO 



i 



I 

s 



• 

QQ 



g 

a 



CD 



09 
OD 

s 

« 



^ 

^ 






O 






M 



^1 



1^ li? 



X 

re 


5 


re 


^ 


^ 





1^ 






t^ 
IC 


§ 


N 

t^ 






CM 



00 



CO 



^ 



u 



00 









^* 






co 



o 

Oi 



il 



8 11^ 



QO 



o 

CO 



c 

08 



<r t^ 



o 

CO 



o 
06 



£^ 






o 

CO 



o 

CO 



ic »o 






»o 



»0 



00 



'^^-la^ 



CO 



Oi 
00 



C4 

•a S 



CO 



CO 
CO 

Oi 



CS| 

Ci 



CM CO 



-i a 



CI 



z 



CM 

Oi 



CO CO 



CO 
CO 



CM CO 



Oi 
CM 



CM 
CM 






00 
CM 






o 



o 

CM 

Oi 



CO 



o 



CM 

CO 
CM 



CO 



Is. 



CO C^ 1-1 



8 

06 



CO 
CM 



o 



CO 



CO 
Oi 



CO 

CM 



»o 



»o 



S6 



FLOW OF STEAM 



h 



o ^ 

e:^- 









6q 

CO N 
QC S 



CO 



c^ 



^ CO 






l>-'^t^CD*C»CCOCO>C 

d d d d d c d d d 







'^ 00 Q CO O Q CO CO t;. 
00 00 00 ^ C) Oi GO 



cot^ 






?H O 00 00 



ot^eoeo 



iC^rHCO'^OJC^QC^ 

•^wo»OTjiTrcow>o 






Hfc, 



SfHCO 



coc^csicsico 



OOOi-HOdOO^tC>CO) 



IS 41 




COCOC^COCOCOCO»— iC^ 









00 






SooooooOi-<»Heoi-< 
O rooococsi i^ooos 

d csi •«^' d d d *-i 1-1 d 



a 






^ t^ 



OC4 OOQO OOCO 
»H l>. 05 »C CO 1^ CO 









^^ 



>3 






r I OB 



»o 



a 



»o 



lO U3 "^ >0 



S 00 OS CO CO »0U5OQ 
^^CO^^^^i^CO 



I 



AIO. 



OICOOOICO'^O^OOO 

«5»cc90sc^wt>-i>-~ 

OOCSOOOOOSOOC) 

d d d d d d d d d 



n 

e 






* «> « .A 

g fa,\ CO 




C0»0'<t»0»0»COO»0 



-a s 
a S) 



C0CM0I»0OtJ<C0C0»0 
r}<iO^>OU30COOCD 



O 



COl^OOOSQi-HWCO'^ 



THROUGH CONVERGENT NOZZLES, ETC, 



57 



I 



53s 



X 






« 




ooooooooooooooo 



I 

o 



5 

OQ 



si sS (N 



eot^>oocococ4t»icadQ090^QOc& 
o t^ >o C4 oi CO o CO at) at) C4 C4 9^ CO o^ 



«Mfel ;: 



00 



»ooco'^wooeo»owooieo^oo 






t>.oco;ocsicDeooooor^"^e2«o&0 

CO^C^QO«-4QOOt^CDOt>OUdQOadCD 



-a® 



ill 



OOt^OiT-iOOOi-iC«C^OOO»Ci-iC^CO 

csicsicsicoc<icococoeocoi-<*-*coeoco 



*»4 <-• 



00 






00 

e 

CO 

u 



c 



oJt^i-<ot>-r^ooc^Oi-<»-4CO'^»o»o 



bO 



O -M 



(3 



i0Tf»C»0»C»dCC0C0C0OC5C0C0C0 






lO 



iC »C iO t>- 



iC 



CO 



t^rJ<OOCOt^i-H»Ot>-r^i-<»003»000 



c 






1 



- a 

(3 0.\ W 



TfC^iCCOOiCiC»OCO»OC>100i-iCOCO 

OiOi^b»^-05"^oooa<c>CiC5b»c>ii-H 



•SB 



i-iC^CMC><C>l'^»O»OC0'^'^'^i-< 


T-» 


rH 


C^COM»CW5U5Q»CCO»COOI»C 
b»C>100000»0050b»0500i 


s 


CO 


MCOCOC^TjHlClCC^TjH'^Tf»Cl-H 


1— 1 


i-H 



o 



csOi-HWcO'^^oooooiQ^oieo'^ 



5« 



FLOW OP STEAM 



^ 
•^ 



■ «o 

S CO 

lO '^* 
CO 

t^ •• 

I" 

Q 

O '^ 
o 



I. 






CD 
00 









n 



CO 






^^»HCOoO'<tT-ic5^o»Hibooco 

0a^00C005^0S00OTt< cocoes C^li-H^ 



o o o o o o o o-o oooooooo 



.s 



i 






Tt<OOOiQ»-*cP"^OCO»Ort«i-icprH»-*'^rH 
COr^CI^COOC^ICOGOCSlC^IXO^^t^CSl^ 

00 00 CO t^ t^ "^ >0 ci »0 ei O I>^ OS Q CS| »0 CD 

,-H,-H rH 1-4 i-lCSIC^6lC«C0«00«^Oa OS Oi 






cDC»«'^»Ci-iTi4eocsiooeocDw5ccrHT}<os 



t^t>.»OrHC«Tt4'^ 1-41-1 piOiHt^COOSiCC^ 

,-4rHl-4i-4f-4CN|CS|NCS|WeOCOCS|C^i-lrHrH 



3| 



CDOOOiOCOCS|pi-<C^«OS^T-it^t^OOi-H 
Tj<CDWi-<00t^W*-4CS|l>-T-HOrHl>.Tj<TJHt^ 

!:i P r^ ^ "^ csi csi 00 1^ c<i CO CO t>l CO 00 »-I OS 

Xl^I^COiCi-Hi-iOSOSOiCO^C^OOOt^iC 




$s|i 



00 



CO»CCO^»t^»Oi-icOCS|Qt^COCQC»«I^O 
i-HOSC^OOcOT-i®Tt<t^^CS|CS|»CT-iOO'^ 
Tt4CO'^COrt4C<CSICS|i-HO»Cl>-OOOSfMCS|CO 

cococococococococococsicsicsicslcococo 



OOOQ»CQcOC^It*COCOCO»OcOCOOI^Tt<CO 
OOOi-<»CCOOSi-4CS|OCOOO«Olt^'<l<i-iCO 

»0 Tt< CO Csi O 1-1 CS| oi oi OS O ''t OS CO 00 rjH ,-1 

i-4i-li-4i-4i-lC<C<i-4i-4i-4'^COC^Cli-4l-4i-l 



a 



J 



^ »^ 



SOC^t>»e0OS0SQ000«t^Q0»O 
cocoosooco»oSot^ooooc^ 



OS CO 

coco 



OOOOt^»Dl^l^Tt«»OrJ<iCCSTjHOOCOCSCO 
CS|CS|i-Ht-It-iC<CSICNIC<C<'^COCOCSICS|i-Hi-h 



•g 



MC<ll^l^t^t^C3C^C^C^C^C^C^OC<MO 

TjH'^TjHTf'^Tj4Tl^Tj4Tf'^OOOCMC^C^<N 



'2 3 2 



»o 



»/5 »D »0 iC O 

i-iC0»HC0t^t^0IO 
C>ii-iC<i-ii-it^OCO 



»c cot^ 



»o 



i-4»dCI^OSC<i-iCO 
C^OCOWJOOCOOO^ 
^COCOCOCO^^'^ 



*^o.k 






OC^i-«'^W5OT-il>.Tti-i0000t^C00SC0»D 
»OOOCSCOCS'^OOCSCSW5COI>-OOOOCSCS 
COt>-b»t>-00»CcOCOt^00CSOSOSOSOSCSO5 



o o o o o o o oo oooooooo 



A4 






i^i-ior^cocoi^cDcoTj4oa»c»ot*ow50s 

OOt^»CCOOcpb»COCDC^«»OOSiCCOCOCO 
t>-00b»0SO0iOOC005C0 000Si-<C0»CC0 

OOOOi-»Oi-H'-Hi-»i-4»OiC»CCOCOCOO 



-a a 

•s a 



i-i'^l^OOCO'^OOQC^O'^W5Tt<COO«t^ 
C><C^Oi-Hi-<COCO»St>-i-iOSOi-iC^'<l<»00 



esiiccocDcocococo 



o 



COt>-QOCSOCOOOOSOT-iC>lCO'<tW5COt^X 

ic^u5iCcocococot>-t>-t>-t>-r<-r»t>-r»t>- 



THROUGH CONVERGENT NOZZLES, ETC, 



59 



8 

I 

r 



00 



i 

CD 






CO 






I 



■♦-» 
QQ 






- ^ 

is & " 






00 



s 









1-^ « 

-I 



o^-o»ooco^-cp^•»-^coc^ 

COO»OOOl^OJ»CTjiOiCt^ 






o<d>oOT-i»o;04CrHOOco 
c^i (N c^i c^i c^i csi c>i csi csi CO CO CO 



o « 



S » o 

IS? I 



X 



.-(0000i-i»-i00COI^OiCOi-<» 

oo5Xodi^»oic»ocoi-<oo»o 

COOlC^C^C^CSIC^C^CMC^i-irH 



I 

g 

a 



.s 

a- 



CO»O"^'^C0»-ii— (»-(O5t»C0T-» 
COCOCOCOCOCOCOCOWC^C^C^ 



v- 



<o 



OO 000000 OQOQOQOQ 00 0000 
CiCiOOOOOOOOOOOOOOOOOOOO 



-^ 






w ^1 



»o 



CO CO CO 



t^»o 



'^'«t<X>0iO'^00CPOC00005 
Tt^Tj^'^TtiCi^CiJcOXOC^CO 
COCOCOCOCOCOCOCOCO'«J<'^'^ 



■|8.|«1, 



-a s 



CO 



-a a 



c» 



o 



OCOlOCOOXOOCOOOrH 
OC><»000.-(C0<X>OOTt<0iC^ 

ocooot>-i>t>-b»xobxo» 
coocd<ci^t>^t^i^o6o6osoJ 

COO^C^i-ii-iOT-HrJ^iCiCcOt* 

dddddddddddo 
icor^xo50»-HC^co'^»oo 

0000 0^»H,-l^»H»H,-l 



6o 



FLOW OF STEAM 



(M 



fin (M 



00 



(N 



1 



.2i. I S 



CO 



CO 01 l-H 01 Tj< IC 

I^ l>- l>- l>- 00 o 

XXQOQOOOX 



00 00 t^t^CO 



oooooooooooo 




05*-HW5C^COCOO'^Tt<COOO 
C^O»-<t*OOI^»Ht>»oOi-4CO^ 

ooJQOco»ct>^o6ooco»di>^co 
»cic»cu5cococoo5eoeoeoco 



all ^ 






iO»OiC"^C0C0C0C0CSIC«CSIC^ 



li 2 



^^ 



c^Oi'^C5[i«»csi^coosqO'«$co 



CO coo ^ 



''t Tj^ cot^co»ocp 

OOOXXQOO 



>ll 



•2 ■2." -_ 



tCC0Q0kOXC0t«i-HCOt»iCQ0 

SOJOJ Tjlt^COQOi-HCSIOO'^rH 

eoeocoeoeocococococococo 



id-*'-' 



00 



C0C0i-<»Ct*U50000C0C0C0O 

r«-oi»oc<iOiOcocococO'^i-i 

05 O 1-" 01 1^ OS O O l^ l^ N^ CO 

OIC0C0C0i-<rHC^0l»Hi-Hi-li-4 



i 



^ f^ 



OiCO»OWOOOCOOO'<t'^»OC^I 

iCOl^00rt<»0C0OC0e0C005 
eOC0C0C0OIC<(NOlWC>l(Ni-H 



I 

a 



rag 



lO 



C^i^OO'-^i-h05»hi— (1— ii— ii— I 
COcOcOcOcOcO^OcOcOcOcOcO 



CO W5 »0 CO Ol W C^ 00 



t^00O5»Oi-< 

r^'^«Tft^_ ^ 



oococo »cco»o 



OS 



ocpoocot^cooox»co5 

OiO5COt^C0COWOi"^C0»CCO 
C0O00iC<N00b»C0»-tQ0ot>» 
Of-i.-(C>li-iOlCO"^»OiCcOI> 



s 

5 



04 

S as. w 



^ 



COT-iOOCOOOOOqOXOOOOQO« 
»O'^C0O5O5C>l»Ort<COl>-COC0 
»-t"^b»O5Olt^Oii-<i-iC0cOl^ 



ooooooo 



C4 



-g a 



rJ<C^OOrH'^t^T-ll^COi-<"^ 
000500'^»C»OCOOICO»OC^ 

rJH Tf CO CO ci 01 oi oi 0<-Cv| 051 Cn| 



o 



r^xo50»HC<ico'^iccoi^oo 

T-ir-Hi-iC^CNOIC^OOIOIOC^I 



THROUGH CONVERGENT NOZZLES, ETC. 6i 



S 
^ 






CO 



00 



n 



eo 













ill 



« 



a 






•c 

a 



CO 



» 



!5:2 



a 



lO 



OOOO-'tt^OOCOCOCSIC^t^COCOOOQ 
Tt<Tj<OOJOiCDC<'^OCOl^^COO^ 

«««r«-t^i>-r^t^o»OTt<Tf cocoes 
dddddddbddddddd 

coc5or^>oi>co«o»o»oocoocO'^ 
d d d »o '<t '^' t^ d '^' i> 1-1 1^ "^ ^* csi 

r^»-nociioo»ou5crt^i-iQOi^QO'tc^ 

i-HQ»0'^»0"^'fdd»0'^cO'-^ooo 
»oi25'^'^cococo5ic^csiNc^c^c^»H 

»0"<^rot^csioJOi-<ooo*-*c^ooojic 

Scsi»oi-icsiddcO'^»-todw5o6't!^- 

COU5Tt<t^«OOSt*Oi«P'-<pCOC^'^ 
OOCOCOOCOC^QOr^O^QOOOMOb 
00535X00050»-t»-t«-HrHi^C^C»« 

OOCIC^C^COCOC^COCOCOCOCOCOCOCO 
OCDrtJiCcOOOOOOOOXOOXi-iT-iCSI 

Tt(»/5i-i»-Hcococooicoo»o»cojeoi-< 

C0C0COC0C>lC><C^rH»Hi-lrHi-lrHT-(i-l 

COXXC<»OOOX»OlCOOrHrHM 
OOOCOC^i-iCM»-«CD05»OOiCOl>-0 

Oi-<r>^t>^doidioc«i^i-<ddxt^ 

'^'^COCOCiWWCSINCSlCSICS|r-ii-HfM 
XXXXXXXX?DCDt^l>-l>-t^I^ 

oo lo to lo lo eo csi 
X sp i>- 1^ ^ d d CO d »o d CO ^* csi 

^COCOCO'^'^CO^^^^^^^^ 






s 

I 
% 

< 



M 



a 



a^ 



eo 



M 



•a a 



c» 



OJCOC<Xrj<»OCS|t^OXO»OOQ>C 
COCO^^*C^CDOt«OOXOOOdO) 


ooooooooooooooo 


»0»0»0»0i0iCiCX05i-ic0OC0QiTji 

w5coXTj<oaOTt<i>-Tt<i-ico»-ti-<Oi-i 

COCOXO»CXOOCOl^O»Oi-<'«l<X 


i-lrHi-lCS|i-Hi-lCS|i-lCS|C<COCO'^Tt<Tf< 


COCOCOQXCOXCOXCO«OQ06COX 
i-Hi-iXXOSO.-HOOSCl'^XCOCOOJ 


Tt<TfC0C0C<COCOC^MCOCOC0'^"^r}< 


OiOi-ioico'^iccor^xosci-icsico 

OiOOCOCOOOOOOOCOCOCOCO^^'^'^ 



NOTE ON THE FLOW OF HOT WATER 

THROUGH NOZZLES. 

In this short note I propose to analyze the 
phenomenon of the flow of hot water through a con- 
vergent nozzle and to explain the results obtained by 
Sauvage & Pulin in experiments made by them in 1892,^ 
which appear very singular at the first glance. 

The theory developed in the preceding work relating 
to the flow of steam can be extended to the somewhat 
more complex problem of hot water which is partially 
vaporized during the discharge. The most simple case, 
which I will discuss first, is that in which the water in 
the high-pressure receptacle is initially at exactly the 
temperature Tq corresponding to the pressure P^ of 
the steam; that is to say, just on the point of evapo- 
rating. It will then begin to evaporate as soon as its 
pressure and temperature fall. A remarkable circum- 
stance gives to this phenomenon a very special interest, 
namely, that the quantity vaporized on the one hand 
and the velocity of flow of the mixture of water a^nd 
steam formed on the other hand are both practically 

^ Ed. Sauvage, Ecoulement de Teau des Chaudi^res (Annales 
des Mines, 9th Series, Vol. II, page 192). 
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proportional to the fall of temperature. Considering 
the entropy diagram/ Fig. 3, let AD be the curve of 
the entropy of water, and EF that of saturated steam. 
Let the point A represent the state of the hot water 




To 



I 

Ti ^ 




Fig. 3. 



at the temperature Tq and the corresponding pressure 

p.- 

During the expansion in the nozzle a small quantity 
of steam is generated which forms a more or less homo- 
geneous mixtiu*e with the remaining water. It may be 
admitted that the expansion is adiabatic on account 
of the very short time during which the fluid remains 
in contact with the walls of the nozzle. This adiabatic 
expansion is represented on the entropy diagram by 
the line AG parallel to the axis of temperatures. When 
the mixture has reached the temperature T^ differing 
from (To by the quantity 0, the proportion of steam 

*The utilization of the entropy diagram for the vapor of 
water was made the subject of some remarkable articles by 
Prof. Boulvin in the Revue de Mdcanique in 1897 and 1901» 
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generated is given by the ratio of the segment of the 
straight line DG to DF.^ Now the curve AD of the 
entropy of water is practically the same as its tangent 
at the point A, if the fall of temperature is not large. 
DG is then proportional to the fall in temperature d, 
with a tendency, however, to increase a little quicker 
than dj and one can write that the ratio of DG to DF 
is very nearly proportional to d; that is to say, 

a being a coefficient which depends on the initial tem- 
perature T^^. The value of this coefficient can be easily 
ascertained if the entropy diagram be drawn to a 
large scale. 

On the other hand the velocity of flow V at the 
moment when the temperature has fallen to Ti is 
given by the area of the triangle AGD, The base of 

r 
this triangle is approximately equal to x^, r being the 

heat of vaporization of the water. We have then the 
following relation: 



ll^^Exe^^^Ead^^^, 



whence 



^d^lgEaY' 



V^dsJgEayfr. , . . . . (1) 



^ Wv may safely assume that there is no retardation of the 
va;)()rizati()ii so tliat the quantity of steam in the mixture 
is that corresponding to the segment DG at each instant. 
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We will now calculate the area of nozzle necessary to 
allow unit mass of water to flow when the temperature 
has fallen by ff^. This area is equal to the specific 
volume V of the mixture of water and steam divided 
by the velocity V. 

X 

The specific volume v is equal to 1— x+yr, D being the 

density of saturated steam at the temperature Ti= 
To— 6, or replacing x by its value ad, we have 

v«l-a5+^ (2) 

Dividing v by V, we have the area S: 

S-^^=li+^-a) (3) 






\, 



For any given initial temperature a and r are fixed. 
In the expression for S, consequently, the only vari- 
ables are the fall of temperature d and the density D 
which is a function of Tq—O; consequently /S increases 

1 n 

or decreases in proportion to the quantity "jq+"H"> and 
since a is very small, S is practically proportional to 
this quantity. Now when increases ^ decreases. But 
on the other hand the density D diminishes and con- 
sequently the second term jr increases, so that a time 
arrives when the increase of the second term compen- 
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sates for the decrease of the first, and the quantity 
-h'+-R then passes through a minimum. 

In order to ascertain the position of the minimum it 
is necessary to express D as a function of the tem- 
perature. 

In default of a simple relation between these quan- 
tities the problem can be solved in any particular case 
by the aid of Regnault's tables; for example: 

Suppose the initial pressure P equals 10 kilogrammes 
per square centimetre. The corresponding temperature 
To equals 178.886+273°. By the entropy diagram the 
value of a is found to be 0.00216; the density is given 
by the tal)les. It should be noted that D must be 
expressed in kilogrammes per cubic decimetre. 

1 n 

The following are the values of the quantity -^+-tt 

for increasing values of 6 in the neighborhood of the 
minimum : 



For (9- 6°C. 


1 


a 
1) 


=0.6501 


7° 






0.6374 


8° 






0.6300 


9° 






0.6274 


10° 






0.6293 


11° 






0.6325 


12° 






0.6355 



Plotting the curve, it is seen that the minimum occurs 
for ^=-9.2°. The absolute pressure corresponding to 
this value of is S.044 kilogrammes per square centi- 
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metre. Consequently when the pressure falls below 
about 80 per cent of the initial pressure it is necessary 
for the nozzle to diverge in order that the mixture of 
water and steam should continue to expand. 

If the nozzle is simply convergent, the pressure at 
the mouth of the nozzle will be exactly equal to the 
value just obtained (i.e., 8.044 kg.). If the discharge 
takes place into a space in which the pressure is much 
less than this, as, for example, into the atmosphere, a 
sudden expansion occurs which is much stronger than 
in the case of the discharge of steam alone. The jet 
is seen to swell suddenly and take the form of a very 
wide paraboloid, as is well shown by the photographs 
reproduced in M. Sauvage's memoir. 

The lateral expansion of the jet is enormous at the 
mouth of the nozzle because, as we shall see, the speed 
of flow of the mixture is not high and it is proportion- 
ately greater as the pressure in the exhaust space is 
lower than the pressure p giving the maximum output. 
The discharge per unit of area of the mouth of the 
nozzle can be calculated from the pressure p which 

makes the quantity -n+yr a minimum. Making this 

calculation for the case \mder consideration, we find 
first that the quantity of steam generated x is equal to 
1.99 per cent; that the specific volume of the mixture 
reaches the value 5.78; that is to say, at the mouth 
of the nozzle the steam occupies a volume 4.78 times 
that of the water; that the speed of the mixture at the 
mouth is 28.55 metres per second; and finally tliat the 
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weight of fluid discharged is 494 grammes per square 
centimetre of orifice per second. 

It is interestir^ to compare this last figure with 
that obtained if the nozzle was discharging initially 
saturated steam. In that case the quantity discharged 
would be 143 grammes per square centimetre per 
second. In the case of the hot water, therefore, the 
weight discharged is 3.5 times larger. 

If the expansion is to be continued in the nozzle, 
the throat must be followed by a divergent portion. 
In Fig. 4 the curve CMD of the areas as ordinates is 




Fig. 4. 



given as a function of the fall of temperature for the 
case where P,, is 6 kilogrammes per square centimetre, 
the water being initially at the t«mperature of vapor- 
ization at this pressure. 
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In the case of the flow of initially saturated steam, 
it was found that the value of the ratio -p corresponding 

to the minimum area (that is to say also, to the maxi- 
mum discharge) is equal to 0.58, and that it is sensibly 
independent of the initial pressure Pq. In the case of 
hot water we have found, when Pq equals 10 kilogrammes 
per square centimetre, that the value of the ratio cor- 
responding to the minimum area is equal to 0.804, a 
value very much larger than the preceding. On repeat- 
ing the same calculations for different initial pressures 

it is found that the value of the ratio -^ corresponding 

to the minimum varies considerably. It approaches 
imity as the pressure Pq decreases; thus for Pp=6 
kilogranmies per square centimetre we find that the 
fall of temperature 5, which gives the minimum 

value for -n—fii is 7.15 degrees, whence -^=0.829; the 

speed of flow at the mouth of the nozzle is now only 
22.5 metres per second, and the discharge 344 grammes 
per second. 

Let it be supposed now that the water is initially at a 
temperature lower by t^ than T^j the temperature of 
vaporization at the pressure Pq. As long as the fall 
of pressure is insufficient to cause evaporation the 
water will remain in the liquid state and the discharge 
will follow the laws for liquids. A\Tien the pressure 
falls below this limit, however, partial evaporation 
will take place, and again a point will be reached at 



! 



70 FLOW OF HOT WATER THROUGH NOZZLE:^'. 

which the increase of the specific volume will com- 
pensate the increase of velocity. At this moment the 
area of the flow will become a minimum. The decre- 
ment of temperature t has the effect, then, of rapidly 
increasing the possible discharge per unit section of a 
given nozzle. We shall see later, by an example, that, 
except for very small values of t, the minimum area 
corresponds exactly to the point where evaporation 
begins to occur. 

Calling P' the pressure existing at the point where 
evaporation begins (namely, the pressure correspond- 
ing to the temperature Tq—I for saturated steam) and 
the fall of temperature from this point, the speed of 
flow is given by the relation 

y2 p _ p' 1 -. 

D being the density of the liquid and a having the 
signification already given. The specific volume of the 
mixture is always given by the expression 

n 

The analytical discussion in this case is even more 
difficult than in the preceding; but any particular case 
can be solved by means of Regnault^s tables. It will be 
seen from the above that only a slight fall of tempera- 
ture is sufficient to increase the discharge enormously. 
Thus, for example, to obtain a discharge of 494 grammes 
per second for a pressure of 10 kilogrammes per square 
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centimetre, the speed must increase to 4.94 metres per 
second. For this speed 

Po-P'=0.124, whence ^=0.54° 

This low value clearly shows the considerable influence 
which the decrement of temperature has on the discharge 
from a convergent nozzle. 

Now in different parts of a boiler the temperature of 
the water is always a little lower than the temperature 
of vaporization. This difference will easily amount 
to several degrees, and is very variable, not only 
from point to point in the boiler, but also from one 
moment to another, depending on the state of the 
internal currents and the activity of the evaporation. 
One would consequently expect to find extremely 
variable discharges, such as have been shown by the 
experiments of Sauvage & Pulin. The increase of the 
discharge with reference to that taking place if there 
were no decrement of temperature, forms an indication 
of the amount of the decrement in temperature. 

As this decrement of temperature increases, the 
flow tends to approach more and more that of a simple 
liquid and does not differ at all when the initial tem- 
perature of the water T^—t is equal to or less than 
that of the vapor corresponding to the pressure Pj in the 
exhaust space. The discharge will then reach the value 



4 



^•^' 



per square centimetre j^er second. The actual dis- 
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charge is always found to lie between this last value 
and that which we have previously calculated for the 
case when the water is initially at the temperature T^, 
For example, for an initial pressure of 6 kilogrammes 
per square centimetre and discharging into the atmos- 
phere, the discharge per second per square centimetre 
should lie between 3130 grammes and 344 grammes, 
the figure just given. In their experiments Sauvage 
& Pulin foimd discharges for a pressure of 6 kilo- 
grammes per square centimetre, varying irregularly 
around the value 1350 grammes, which would appear 
to indicate that imder the conditions of the experi- 
ments the water was at a temperature about 6 degrees 
lower than that of steam at the same pressure. 

For the sake of example I have given in Fig. 4 
nozzle areas for the discharge of hot water from an 
initial pressure of 6 kilogrammes per square centimetre 
with differences of temperature increasing by single 
degrees. The total fall of temperature {t+d) is plotted 
as abscissae, while the ordinates indicate the area of 
flow in square centimetres for a discharge of 1 kilo- 
gramme per second. The cm^e AB represents the 
case of cold water (without evaporation); CMD that 
of hot water initially at the temperature of vaporization 
(where ^ = 0); curves 3, 4, ... 9 correspond to the 
cases where the decrement of temperature is 1°, 2*^, etc. 

For a decrement of 2°, for example, the water at 
first flows without causing evaporation and the areas 
decrease up to the point C; then, because evaporation 
takes place, the area increases, from which it will be 
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seen that if the nozzle is convergent hot water will 
be discharged without any portion being vaporized, at 
its initial temperature and at the pressure correspond- 
ing to that temperature for saturated steam. 

This is not quite general, however. If the curve of 
areas be drawn for decrements of temperature less than 
about 1 degree it will be found that two successive 
minima are obtained, as, for example, curve 2. The 
first minimum a is an angular point; the other occurs 
in the neighborhood of a point M on the curve CD, 
Further, when t is less than 0.395 degree, the first 
minimmn is larger than the second, as will be seen 
from curve 1. It would appear from the singular 
form of this curve of areas that the flow in a converg- 
ent nozzle ought to undergo a discontinuity because it 
is impossible for the fluid to be in the states correspond- 
ing to the part of the curve between the points m and n. 
Since the areas of the nozzle are always decreasing, 
there must be a sudden jump from m to n; that is to 
say, an instantaneous partial evaporation, and, which 
is very curious, an equally instantaneous increase in 
the velocity. 

This remarkable phenomenon of a sudden variation 
in the evaporation and in the speed demands very 
careful examination. It would appear incompatible 
a priori with the laws of inertia of material bodies; but 
on thinking of the matter one can see, I think, that these 
discontinuities are not impossible when fluid bodies are 
being experimented with, which can. be decomposed 
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actually and not only theoretically into very small 
elementary masses. 

I will conclude with these remarks, which are suffi- 
cient to show that the flow of a hot liquid presents 
peculiarities very well worthy of attention. 
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and Manufacture of Terro-cotta, Stoneware, Firebrick, Porce- 
lain, Earthenware, Brick, Majolica, and Encaustic Tiles. Second 
Edition. Svo, paper 6ft 




L 



6 D. VAN NOSTRAND COMPANY'S 
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numerous examples. Fifth Edition. I2mo, cloth. ., $2.50 

A Treatise on Roofs and Bridges. With Numerous 

Exorcises, especially adapted for school use. 12mo, cloth. 
Illustrated ". net, S2 . 25 

BRASSEY'S Naval Annual for 1904. Edited by T. A. 
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lated into English and edited by Emil Braun. Vol. I., Svo, 

cloth, illustrated, 308 pages S2.50 
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trical Machinery. A treatise on the Theory and Practice of the 
Mechanical Eqmpment of Power Stations for Electrical Supply 
and for Electric Traction, 8vo, cloth, ilJustrated fS.OO 
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^ T. The How and Why of Electricity. A 
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COREY. Water-suppl7 Engineering. Fully illustrated. 

8vo, floth /„ Press. 

COOPER, W. R., Mj^, Primary Batteries: Their Con- 

Btniction and Use. With numeroue figures and diagrams. S^-o, 
eloth, illustrated net. $4.00 
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^tal Treatise of their Utilization and Value in Oil, Grease, Soap. 
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CRAIG, B. F, Weights and Measures. An Account of 
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CROCKER, F. B., Prof. Electric Lighting. A Practical 

Exposition ot the Art. For use of EiiEitieers, Students, and 
others interested in the Installation or Operation ot Electrical 
Plants. Vol. I. Tlie Generating Plant. New Bdiium, thoroughly 

reriaed and reiiiriUcn. 8vo, cloth, illustrated In Press. 

Vol. II. Distributing Systems and Lamps. Second Edition. 8vo, 
cloth, illustrated B.OO 

and WHEELER, S. S. The Practical Management 

of Dynamos and Motors. Fifth Edition (Sixteenth Thousand), re- 
viaed and enlarged. With a special chapter by H. A. Foster. 
12mo, doth, illustrated $1,00 

CROSSKEY, L. R. Elementary Perspective: Arranged to 

meet the requirements of Architects and Draughtsmen, and of 
Art Studenta preparing for the elemental^ examination of the 
Science and Art Department. South Kensington. With numei^ 
•us full-page plates and diagrams. Svo, cloth, illustrated . . Jl .00 

and THAW, J. Advanced Perspective, involving the 

Drawing of Objects when placed in Oblique Positions, Shrdows 
and ReHections. Arranged to meet the requirements of Arehi- 
1«cta, Draughtsmen, and Students preparing for the Perspective 
Examination of the Education Department. With numerous full- 
page plates and diagrams. Svo. cloth, illustrated 81 . 50 

lAVIES E. H. Machinery for Metalliferous Mines. 

Practical Treatise for Mining Engineers, Metallui^ts and 
era of Mines. With upwards of 400 illustrations. Second 
t rewritten and etdarged. Svo, cloth net, IS . 00 
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DAVIES, D. C. A Treatise on Metalliferous Minerals and 

Minijig. Sixth Edition, iharougklif revised and much enlarged by hia 
soa. Svo, cloth iief, 85.00 

Mining Machineiy In Press. 

DAVISON, G. C, Lieut. Water-tube BoUers .In Press. 

DAY, C. The Indicator and its Diagrams. With Chap- 
ters on Engine and Boiler Testing; including a Table of Piston 
Constants compiled by W. H. Fowler, 12mo, cloth. 125 iOus- 
trations 82,00 

DE LA COUX, H. The Industrial Uses of Water. With 

nmneroua lable.4, figures, atid diagrams. Translated from the 
French and rcA-ised by Arthur Morris. Svo, cloth nel, 84.50 

DEfffTY, G. A. Deep-level Mines of the Rand, and their 

future development, eoneidered from the commerciai point of 
view. With folding jilates, diagrams, and tables, 4to, cloth, 
illustrated i!e(, $10.00 

DERR, W. L. Block Signal Operation. A Practical 

Manual. Pocket Size'. Oblong, cloth. Second Edition. .. .$1.50 

DIBDm, W. J. Public Lighting by Gas and Electricity. 

With tables, diagrams, eugraviuga and full-page plates. Svo, 
cloth, illustrated mi, $8.00 

Purification of Sewage and Water. With tables, 

engraiings, and 'folding plates Third Edition, revised and 
erdarged. Svo, cloth, Qlus. and numerous folding plates, . , , $8.50 

DIETERICH, E. Analysis of Resins, Ba^ams, and Gum 

Resins: their Chemistry and Phflrraacognoais. For the use of 
the Scientific and Technical Research Chemist, With a. Bibliog- 
raphy. Translated from the German, by Chas. Salter. S^'o. 
cloth. net, $S. 00 

DIXON, D. B. The Machinist's and Steam Engineer's 

Practical Calculator. A Compilation of Useful Rules and Prob- . 
lems arithmetically solved, together with General Information 
applicable to Shop-tools, Mill-gearing. Pulleys and Shafts, Steam- 
boilers and Engines. Embracii^ valuable Tables and Instruc- 
tion in Screw-cutting, Valve and Link Motion, etc. Third Edition. 
16mo, full morocco, pocket form 81.25 

DOBLE, W. A. Power Plant Construction on the Pacific 
Coast In Press. 
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DODD, GEO. Dictionaiy of Manafactores, 

etanerj, and the Imiuatri^ Arte, 12ino, cloth. . . . 



DORR, B. P. The Surveyor's Guide and Pocket 

tn>ok. Fi/lh Edition, ttuirifu^hly reviited and grrally « 
With a second appendu up to d^te. l6iiio, moiocco fltip^ 

DRAPER, C. H. An Elementary Text-book of _ 

Heat and Sound, with Numerous Example. Fourth EiiSim 
12tno, cloth, illiutrated .. .^ 

Heat and the Principles of Therm o-dynamics. With' 

mniiyiUustralioQa and numerical examples, 1 21110 , do! h. , SI 50 

DYSOH, S. S. Practical Testing of Raw Materials. A 

Conei»e Handbook for Manufacturera, Merchants, ami Vsen ot 
Chemicals. OUt, Fuels, Gas Residuals and By-products, and 
Paper-'making Materials, with Chapteis on Water Analysis and 
the Testing of Trade Efflueuta. Svo, doth, illustratiougr 177 
pages. . «(. So 00 

EDDY, B. T., Prof. Researches in Graphical Statics. 

ErobrariBg New CanstructionB in Graphical Siatire. a New G*npral 
Method in Grapihical Statics, and the Theorv of Internal Stress 
ia Graphical Statics. 8vo, doth SI .50 

Maximum Stresses under Concentrated Loads. 

Treated graphically. Illustrated Svo, cloth . . . SI .50 

EISSLER, H. The Hetallurgy of Gold. A Practical Treatise 

on the Metallurgical Trf-atment of Gold-bearing Ores, including 
the ProccMsea of Concentration ai.d Chlorination. and the Assay- 
ing, Melting and Refining of Gold. Fifth Edition, renVd and 
greaily enlarged. Over 300 illustrations and numerous folding 
plates. Svo, cloth ST . 50 

The Hydro-MetaUujgy of Copper. Being an Account 

of procLiwes adopted in the Hydro-metallut^ieal Treatment of 
Ctipriferous Ores, including the Manufacture of Copper \'itriol. 
Witli ciiapters on the sources of supply of Copper and the Roasting 
of tVipppr Ores. With numerous diagrams and figures. Svo, 
' 'i, iUUHtraled nel, S4.50 

- The Metallurgy of Silver. A Practical Treatise on the 

Araalgamatic'B, Roasting and Liiiviation of Silver Ores, induding 
the Assaying, Melting and Refining of Silver Bullion. 134 
illustralbuB. Second Edilicn, enlarged. Svo, doth $4.00 
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EISSLER, M. The Metallurgy of Argentiferous Lead. A 

Practical Treatise on tlie Smelling of Silver-Lead Ores and the Re- 
fining of Lead Bullion. Including Reports? on Varioun Smelting 
EataBlishments and Descriptions of Modem Smelting FumaeeH and 
Plants in Europe and Ameriea. With 1?3 illustrations, ■ 8vo. 
cloth S5.00 

— — Cyanide Process for the Extraction of Gold and its 

Practical Application on the Witwalersrand Gold Fields in South 
Africa. Third Edition, rexnsed and enlarged. Illustrations and 
folding plates. 8vo, cloth $3.00 

A Handbook on Modem Explosives. Being a Prac- 
tical Treatise on the Manufacture and Use of Dynamite, Gun- 
cotton. Nitroglycerine, and other Explosive Compounds, in- 
cluding the manufacture of Collodion-cotton, with chapters on 
Explosives in Practical Application. Second Edition, enlarged 
wilh 150 illwi&ations. 12mo, doth, , $5,00 

ELIOT, C. W., and STORER, F. H. A Compendious 

Manual of Quiditative Chemical Ajialysis. Rerised with the co- 
operation of the authors, by Prof. William R. Nichols, Illua- 
trated. Twentieth Edition, neioiy revised by Prof. W. B. Lindsay. 
12mo. doth nc!, SI 35 

ELLIOT, G. H., Maj. European Light-house Systems. 
Being a Report ot a Tour of Inspection made in IS73. 51 en- 
gravings and 21 woodcuts, 8vo, cloth $5.00 

EHFCTRT, J. Dyeing of Paper Pulp. A Practical Treatise 

for the use of paper-makers, paper-stainera, students mid others. 
With illustrations and 157 patterns of paper dyed iu the pulp, 
with formulas for each. Translated into English and edited, 
with additions, by Julius Hijbner, F.C.S. Svo, cloth, illu.'^- 
trated n*i, $7.50 

EVERETT, J. D. Elementary Text-book of Physics. 

Illustrated. Seventh Edition. 12mo, cloth 81,50 

EWIHG, A. J., Prof. The Magnetic Induction in Iron 
and other metals. Third Edition, revised. 159 illustrati(>iis. 
8vo, cloth $4 ,00 

FAIRIE, J., F.G.S. Notes on lead Ores : Their Distribu- 
tion and Properties. 12mo, cloth SI .00 

Botes on Pottery Clajrs: The Distribution, Properties, 

Uses and Analynis of Ball Clavs, China Clays and China Pt.'iie. 
With tables and formulse. 12mo, cloth SI 50 
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FASVTSG, J. T. A Practical Treatise on Hydraulic and 
Water-supply EngiDeeriiiB. Relating Xo the Hydrology, Hydro- 
dynamics and Practical Construction of Water-works in Sorth 
AJnerica. ISO illus. 8vo, cloth. Fi/tecnlh Edition, reviied, en- 
larged, and new labki and iUiiglTOlions added, 650 pp $5.00 

FAY, I. W. The Coal-tar Colors: Their Origin and Cliem- 

ifitry. Jtvo, cloth, illustrated .InPrees. 

FISH, J. C. L. Lettering of Working Drawings. Thir- 
teen platJSi, with descriptive tpxt. Oblong, B"* 121, boarde. $1 .00 

FISHER, H. K. C, and DARBY, W. C. Students' Guide 

to Submarine Cable Testing. Third (new and entargedi Edi- 
tion. Hvo, cloth, illuatrated $3.50 

FISHER, W. C. The Potentiometer and its Adjuncts. 

8vo, doth S2.25 



FISKE, B. A., Lieut, U.SJ?. Electricity in Theory and 

Practice ; or. The Elements of Electrical Engineering. Eighth 
EdUion. 8vo, cloth »2.50 

FLEISCHMAira, W. The Book of the Dairy. A Manual 

of the Science and Practice of Dairy Work. Translated from 
the German, by C. M. Aikman and R. Patrick Wright. 8vo, 
cloth WOO 

FLEMIHG, J. A., Prof. The Alternate-current Tranfr- 

former in Theory and Practice. Vol. I., The Induction of Electric 
Ciirrenta; 6npages. A^cip Edition, illustrated. 8vo, cloth, SS.OO 
Vol. II., The Utajzation of Induced Currents. Illustrated. 8vo, 
cloth $5.00 

Centenary of the Electrical Current, 1799-181)9. 

8vo, paper, illustrated .50 

-—— Electric Lamps and Electric Lighting. Being a 

course of four lectures delivered at the Royal Institution, April- 
May, 1894, 8vo, cloth, fully illustrated $3.00 

Electrical Laboratory Hotes an! Forms, Elementary 

and Advanced. 4to, cloth, illustrated SS.OO 

A Handbook for the Electrical Laboratory- and Test- 
ing Room. 2 volumes. 8vo, cloth each $5. DO 
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FOLEY, W., and PRAY, THOS., Jr. The Mechanical 

EnEineere' Reference Book for Machine and Boiler Construction, 
in two parta. Part 1 — General EngineerinE Data. Part 2 — 
Boiler Construction. With 51 plates and numerous illuBtratioiis. 
specially drawn for tliis work. Folio, half morocco $25,00 

FORNEY, M. If. Catechism of the Locomotive. Second 

Edition, Tevised and enlarged. 46th thousand. 8vo, doth , . $3 , 50 

FOSTER, J. G., Gen., U.S.A. Submarine Blasting in 

Boston Harbor, Maasaehusetta. . Removal of Tower and Corwiii 
Rocka. niuatrated with 7 plates. 4to, cloth S3 , 50 

FOSTER, H. A. Electrical Engineers' Pocket-book. With 

the Collaboration of Eminent Specialists. A handbook of useful 
data tor Electricians and Electrical Engineers. With innumer- 
able tables, diagrams, and figures. Third Edition, revised 
Pocket size, fuU leather, 1000 pp S5.00 

FOSTER, J. Treatise on the Evaporation of Saccharine, 

Chemical and other Liquids by the Multiple System in Vacuum 
and Open Air. Third Edition. Diagrams and large plates. 
8vo, cloth $7.50 

FOX, WM., and TSOMAS, C. W., M.£. A Practical 

Course in Mechanical Drawing. Second Edition, revised. 12mri, 
dotli, with plates $1.25 

FRANCIS, J. B., C.E. Lowell Hydraulic Experiments. 

Beuig; a selection from experiiaenta on Hydraulic Motors on 
the Plow of Water over Weira, in Open Canals of uniform rect- 
angular section, and through submerged Orifices and divei^ing 
Tubes. Made at Lowell, Mass. Fourth Edition, revised and 
enlarged, with many new experiments, and illustrated with 23 
copper-plate engravings. 4to, cloth ?15.00 

FTTLLER, G. W. Report on the Investigations into the 

Purification of the Ohio River Water at Louisville. Kentucky, 
made to the President and Directors of the Louisville Water 
Company, Published under agreement with the Direi;ton>. 
3 full-page plates. 4£o, cloth ne(, $10.00 

FDRITELL, J. Students* Manual of Paints, Colors, Oils 
and Varnishes. 8vo, cloth, illustrated net, $1 .00 

GARCB^, E., and FELLS, J. U. Factory Accounts: 
their principles and practice. A handbook for 
rafar*-- '■■ " .... .. 



ra, with appendices on the nomenclature of machine 
details, the rating of factories, fire and boiler insurance, the 
factory and workshop acts, etc., including also a, large number 
of specimen rulings. Fifth EdiUort, revised and extended. Svo, 
doth, U!ustrat«d $3,00 
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GEIPEL, WH., and EILGOUR, H. H. A Pocket-took 

of Electrical Kngineering FommlcB. IUuh. ISmo., mor. ..S3. 00 



P. Sanitary Eng^eering. izmo, 

S1.25 

GESCUWlNU, L. Manufacture of Alum end Sulphates, 

and otlier SiUta of Alumina and Iron; their uses and appli cations 
as mordants in dyeing and calico printing, and their other appli- 
catioDS in the Arts. Manufactures, Sanitari,- Engineering, Agri- ■ 
culture and Hoiticulture. Trapalated from the French by | 
Charles Salter. With tables, figures and diagrams, hvo, cloth, I 
illustrated net, 85.00 '| 

GIBBS, W. E. Lighting by Acetylene, Generators, Burners 

and Electric Furnaces. With 66 illustrations. Second Edition, 
revised. 12mo, cloth $1.50 

GILLHORE, Q. A., Gen. Treatise on Limes, Hydraulic 

CementH and Mortars. Papers on Practical Engineering, T.'niled 
States Engineer Department, No. 9, eontMning Reports of nu- H 
merous E.\periment9 conducted in New York C'ity during the |' 
years 185S U> 1S61, inclusive. With numerous illustrations. 
8vo, cloth $4.00 I 

Practical Treatise on the Construction of Roads, J 

streets and Pavements. Tenth Edition, With 70 iUuBtrations N 
12nio, cloth S2.00 

Report on Strength of the Building Stones in the j 

United States, etc. Svo, iUustrated, cloth $1.00 
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60LDING, H. A. The Theta-Phi Diagram. Practically 

.\pplied to Steam, Gas, Oil and Air Engines. 12mo, cloth, 
ilAistrated . . nei, 81 . 25 

GOODEVE, T. M. A Text-book on the Steam-engine. 

WitI] a Supplement on Gas-enginea. Tweljlh Edition, enlarged. 
143 illustrations. 12nio, cloth 82.00 

GORE, G., F.R.S. The Art of Electrolytic Separation of 

Metals, etc. (Theoretical and Practical.) Illustrated, fivo. 
cloth $3-30 

GOULD, E. S. The Arithmetic of the Steam-engine. 

8vo, cloth , 81 .00 
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GOtTLD, E. S. Practical Hydrostatics and Hydrostatic For- 
mulas. With numerotiH figures and diagrams (Van NosCmnd's 
Scieiice Series, No. 117.) 16rao, cloth, illuatrated, 114 pp., . ,50 

GRAY, J., B.Sc. Electrical Infiuene Machines: Their 

Historical Development, and Modem Forms, with instractiona 
for making them. With numerous figures and diagrams. Second 
Edition, revised and enlarged. 12mo, cloth, illus., 296 pp.. . ,$2.00 

GRIFFITHS, A. B., Ph.D. A Treati e on Manures, or 

the Philosophy of Manuring. A Practical Handbook for the 
Agriculturist, Manufaeturer, and Student. 12mo, cloth. . , S3. 00 

Dental Metallurgy. A Manual for Students and 

Dentists. 8vo, cloth, ilhi,=trated, 20-! pp. . ncf, S3.50 

GROSS, E. Hops, in their Botanical, Agricultural and 

Technical Aspect, and as an article of Commerce. Translated 
from the German by Charles Salter. With tables, diagrams, 
and illustrations. 8vo, cloth, illustrated net, 84 . 50 

GROVER, 

Oil Engin. 

GRUNER, A. Power-loom Weaving and Yam Number- 
ing, according to various systems, with con\'ersion tables. An 
auxiliary and text-book for pupils of weaving schools, as well 
aa for aetf-inatruction, and for general use by those engaged in 
the weaving industry. Illustrated with colored diagrams. Svo, 
cloth ?ie(, S3 . 00 

GURDEN, R. L. Traverse Tables: Computed to Four- 
place Decimals tor nvery single minute of angle up to 100 of 
Distance. For the use of Surveyors and Engineers. New Edition. 
FoUo, half morocco $7 , 50 



GUY, A. E. Experiments on the Flexure of Beams, 

resulting in the Discovery of New Laws of Failure by Buckling. 
Reprinted from the "American Machinist." With diagrams and 
folding plates. Svo, cloth, illuatrated, 122 pages , n*(,S1.26 

GUY, A. F. Electric Light and Power: Giving the Result 

of Practical Experience in Central-station Work, Svo, cloth, 

illuatrated. 82, 50 

HAEDER, H., C.E. A Handbook on the Steam-engine, 
With especial reference to small and medium-sized engines. For 
the use of Engine- makers, Mechanical Draughtsmen. Engineer- 
ing Students and LTsers of Steam Power. Translated from the 
Gennan, with considerable additions and alterations, by H. H. 
P, Powles. Third English Edition, revised. Svo, clotn, illus- 
trated, 458 pages la ."S^ 
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HALL, W. S., Prof. Elements of the Differential and 

Integral Calculus. Fourth EdUion, revtaed. 8vo, c'lotli, illus- 
ll trated net, $2.25 

I Descriptive Geometry, with Numerous Problems and 

r Practical Applications. Comprising a,n 8vo volume of T6 pae^s 

I of text and a 4to atlas of 31 plates. 2 vols,, cloth Tirf. $3,50 , 

Postage, 32 

HALSEY, F. A. Slide-valve Gears. An Explanation of 

the Action and Construction of Plain and Cul-off Slide Valves. 
UluHtratcd. Seventh Edition. 12mo, cloth $1.60 

The Use of the Slide Rule. With illustrations and 

folding plates. Second Edition. 16mo, boards. (Van Nos- 
I (rond'a Science Serifs, No. 114.) 50 , 
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Worm and Spiral Gearing. Revised and Enlarged 

Edition. 16nio, cloth (Van NoetraniTi Science Series, No. 116.) 
Illustrated 50 

The Metric Fallacy, and " The Metric Failure in 

the Textile Industry," by Samuel S. Dale. 8vo, cloth, illus- 
trated $1.00 

HAMILTON, W. G. Useful Information for Railway 

Men. Tenth Edition, revised and enlarged. 562 pages, pocket 
form. Morocco, gilt $2.00 

HAMMER, W. J. Raditun, and Other Radio-active Sub- 

Btaoces; Polonium, Actinium and Thorium. With a consideni- 
tion of Phosphorescent and Fluorescent Substances, the PropeP- ■_ 
ties and Applications of Selenium, and the treatment of diaease ( 
by the Ultra-Violet Light. Second Ediiion, With diagram- 
engravings and photograpliic plates. Svo, cloth, illustrated, 72 p 

Sl.t 

HANCOCK, H. Text-book of Mechanics and Hydro- 
statics, with over 500 diagrams, Svo, cloth SI .75 

HARRISON, W. B. The Mechanics' Tool-book. With 

Practical Rules and Suggestions for use of Machiniata, Iron- 
workers and others. With 44 engravings, 12mo, cloth. . . .SI. 50 

HART, J. W. External Plumbing Work. A Treatise on 

Lead Work for Roofs. With numerous figures and diagrams 
Svo doth, illustrated nel.tS.Ot , 
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HART, J. W. Hints to Plumbers on Joint Wiping, Pipe 

Benciing, aDd Lead Burning. Contaming 1S4 figures and dia- 
grams. 8vo, cloth, illustrated net, S3 . 00 

— ^ Principles .of Hot-water Supply. With numerous 

iUustratioas, Svo, clotli , n*'(, S3 , 00 

Sanitary Plumbing and Drainage. With numerous 

diagrams and figures. Svo, cloth, illustrated net, $3,00 

HASKINS, C. H. The Galvanometer and its Uses. A 

Manual for Electricians and StudenlEs. Fourth Edition. 12mo, 
doth tl-60 

HATJFF, W. A. American Multiplier: Hultipli cations and 

Diviflions of the largeat numbers rapidly performed. With index 
giving the results Instantiy of all numbera to 1000x1000 — 1.000,- 
000; also tables of circumfereneea and areas of circles. Cloth, 
ejXISi $5.00 

HAUSBRAITD, E. Drying by Means of Air and Steam. 

With explanations, formulas, and tables, for use in practii~e. 
Translated frorn the German by A. C. Wright, M.A. 12mo, 
cloth, illustrated $2.00 

Evaporating, Condensing and Cooling Apparatus : 

E-xplanations, Formula, and Tables for Use in Practice. Trans- 
lated from the Second Revised German Edition by A, C. Wright, 
M.A. With numerous figures, taUee and diagrams. Svo, cloth, 
illustrated, 400 pages n«i, $5.00 

HATJSNER, A. Manufacture of Preserved Foods and 

Sweetmeats. A Handbook of all the Processes for the Preserva- 
tion of Flesh, Fruit, and Vegetables, and for the Preparation of 
Dri«d Fruit. Dried Vegetables, Marmalades, Fruit-syrups, and 
Fermented Beverages, and of all kinds of Candles. Candied Fruit, 
Sweetmeats, Rocks, Drops, Drageea, Pralines, etc. Translated 
from the Third Enlarged German Edition, by Arthur Morris and 
Herbert Robsoa, B.Sc. Svo, cloth, illustrated ne/,$3.00 

HAWKE, W. H. The Premier Cipher Telegraphic Code, 

containing 100,000 Words and Phraaes. Ths most complete and 
most useful general code yet published. 4to, cloth 85,00 

100,000 Words Supplement to the Premier Code. 

All tiic uurds are selected from the official vocabulary. Oblong 
quarto, cloth 85. 0(5 

HAWKINS, C. C, and WALLIS, F. The Dynamo: its 

Theory, Design, and Manufacture. 190 illustrations. 12mo, 
cloth $3.00 
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HEAP, D. P., Major, U.SA. Electric I Appliances of 

tin: PrpBeiit Day. Report of the Paria Eleclrical Exposition rf 
lr>.M. 25\> UlustratioiiB. Svo, cloth . $2.00 

HEAVISIDE, O. Electromagnetic Theory. 8vo, cloth, 

(wo voliimua . , , . , each. S5. 00 

HECK, R. C. H., Prof. (Lehigh University). The Steam- 
KTigine. A text-book for Engineering Colleges , ... .In Press. 

HEERHANIT, P. Dyers' Materials. An Introduction to 

the Examination. Valuation, and Application of the most impor- 
tant substances used i- "— -■- " — '■ — •" — "•■ -> ■^——'- 
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HENRICI, 0. Skeleton Structures, Applied to the Build- 
ing of Sleel and Iron Bridges, 8vo, cloth, illustrated $1 , 50 

HERMANN, F. Painting on Glass and Porcelain and 

Knamel Painting. On the basie of Personal Practical Elxperieuce 

' " ' .- .1 . . . - . 1 . m. 1 . 1 ij Charles 

illustrated, 
■net.iS.SO 

HERRMANN, G. The Graphical Statics of Mechanism. 

A Guide 'for the Use of Machinists, AreliitectB and Engineers ; anil 
also a Text-book for Technical Schools. Translated and anno- 
tated by A. P. Smith, M.E. FouHh Edition. l2[no, cloth, 7 
folding plates J2.0e 

HERZFELD, J., Dr. The Technical Testing of Yams and 

Textile Fabrics, with reference to official specifications. Trans- 
lated by Clias. Salter. With 69 illustrations. 8vo, cloth net, $3.50 

HEWSON, W. Principles and Practice of Embanking 

Lands from River Floods, as applied to the Levees of the Missis- 
sippi. 8vo, cloth $2.00 

HILL, J. W. The Purification of Public Water Supplies. 

IlluHtrated with valuable tables, diagrams, and cuts. Svo, 
doth, 304 pag«a J3.08 



Interpretation of Water Analysis. 
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HOBBS, W. R. P. The Aritlimetic of Electrical Measure- 
ments, with numerous esamples, fully worked. Revised by 
Richard Wonnell, M.A. Ninth Edition. 12mo, cloth 50 

HOFF, WM. B., Com., U.S.H. The Avoidance of CoUisions 
at Sea. ISmo, i 



HOLLEY, A. L. Railway Practice. American and Euro- 
pean Railway Practice in the Economical Generation of Steam, 
including the Materials and Conetntctinn of Coal-buming Boilers, 
Combuation, the Variable Blast, Vaporisation, Circulation, Super- 



heating, Supplying and Heating Feed Water, etc., and the 

■ ' ition of Wood and Coke-buming Engines to C<^-biiming; 

L Permanent Way, including Road-ted, Sleepers, RaiE, 



Joint Faateninga, Street Railways, etc. With 77 lithographed 
plates. Folio, cloth ' S12.00 

HOLMES, A. B. The Electric Light Popularly Explained. 

Fifth Edition, Dlnstrated. 12m.o, paper 40 

HOPKINS, N. M. Model Engines and Small Boats. ITew 
Methods of Engine and Boiler Making, with a chapter on Ele- 
mentary Ship Design and Construction. 12rao, cloth. ..... SI 25 

HOnSTOn, £. J., and KENNELLY, A. E. Algebra Made 

Easy. Being a clear explanation of the Mathematical Formula 
foLted in Prof. Thompson's " I>ynamo-eleetric Machinery and 
Polyphase Electric Currents." With figures and examples, hvo, 
clotk, illustrated 75 

— ^ — The Interpretation of Mathematical Formulae. With 

figures and oxamplcs. ,Svo, clutli, illustrated. SI .25 

HOWARD, C. R. Earthwork Mensuration on the Basis 

of the Prismoidal Formula. Containing Simple and Labor-suving 
Methods of obtaining Prismoidal Contents directly from End 
Areas. Diustrated by Examples and accompanied by Plain 
Rules for Practical Use. IlluHtrated. 8vo, cloth SI 50 

HOWORTH, J. Art of Repairing and Riveting Glass, 
China and ^rthenware. Second Edilion, Svo, pamphlet, illus- 
trated net, $0 . 50 

HUBBARD, E. The Utilization of Wood-waste. A Com- 

6 let* AcEOuat of the Most Advantageous Methods of Woricing Up 
{ood Refuse, especially Sawdust, Exhausted Dye Woods and 
Tan as Fuel, as a Source of Chemical Products for Artificial Wood 
Compoaitiona, E.iplosives, Manures, and many other Technical 
PiUTKMes. Translated from the Gennan of the second Tevi»ed 
and enlarged edition. Svo, cloth, illustrated, 192 pages, , net, S2,Q0 



D. VAN N03TRAND COMPANY'S 



HTJMBER, W., C.E. A Handy Book for the Cfllculation 

of Strains in Girders, and Similar StniclureB, and th«ir Strength; 
c'onsiBting of Formulte and Corresponding Diagrams, with numer- 
oiw details for practical application, etc. Fourth Edition, 12mn, 
cloth $2.50 

HURST, G. H., F.C.S. Color. A Handbook of the Theory 

of Color. A jiraclital work for the Artist, Art Student, Painter, 
Dyer and Calico Printer, and Others. Dluslrated with 10 colored 
platea and 72 illustrationa. 8vo, cloth net. $2,50 

Dictionary of Chemicals and Raw Products Used 

in the Manufacture of Paints, Colors, Vanuahes and Allied Prep- 
■ .-o, cloth net, $3. 00 
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Lubricating Oils, Fats and Greases: Their Origin, 

Preparation, Properties, Uses and Analysis. 313 pages, with 
66 illuatratiOQs. 8vo, cloth net, $3 . 00 

Soaps. A Practical Manual of the Manufacture of 

Domestic, Toilet and other Soaps. Illuatraled with 66 engrav- 
ings, Svo, cloth net, 95. 00 

Textile Soaps and Oils : A Handbook on the Prepara- 
tion, Pronerties, and Analysis of the Soaps and Oils Used in 
Textile Manufacturing, Dyeing and Printing. With tablsa and 
illustrations. 8vo, cloth net, 12.50 

HnTCHinSON, W. B. Patents and How to Make Money 

out of Them. 12mo, cloth S1,2S 

HUTTON, W. S. Steam-boiler Construction. A Practical 

Handbook for Engineers, Boiler-makers and Steam-UBers. Con- 
tainijig a laree collection of rules and data relating to recent 
practice in the deelgn, construction and working of all kinds 
of stationary, locomotive and marine steam-boilers. With up- 
wards of 540 illustrations. Fourth Edition, carelully retnaed and 
muck enlarged. 8vo, cloth $6.00 

Practical Engineer's Handbook, comprising a Treatise 

on Modern Engines and Boilers, Marine, Locomotive and Station- 
ary. Fourth Edition, carefully rertsed, with additions. With 
upwards of 570 illustrations. 8vo, cloth $7.00 

The Works' Manager's Han book of Modem Rules, 

Tables and Data for Civil and Mechanical Engineers, Millwright* 
and Boiler-makere, etc., etc. With upwards of 150 iUustratioDs. 
Fifth Edition, carefully rented, v.-Uhadditiont. 8vo,clolb... $6.00 

~^GLE, H. Manual of Agricultural Chemistry. Sto, 

cloth, illustrated, 388 pages n«<, S3.00 
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U(HES, C. H. Problems in Machine Design. For the 

use of Students, Draughtamen and others. Second EdUton, 12mo, 
eluth net. S2.00 

Centrifugal Pumps, Turbines and Water Motors. In- 
cluding the TheoiT and Practice of HydrauJice. Third and enlarged 
edition. 12mo, cloth nei, $2 . 00 

ISHERWOOD, B. F. Engineering Precedents for Steam 

Machinery. Arranged in the moet practical and useful manner 
for Engineers. With illustrations. Two volumes in one. fivo, 
cloth $2.50 

JAMIESON, A., C.E. A Text-book n Steam and Steam- 
engines. Specially arranged for the iwe of Science and Art, City 
and Guilds of London Institute, and other Engineezing Students. 
Thirieenlh Edition. Illustrated. 12mo, cloth $3,00 

Elementary Mantial on Steam and the Steam-engine. 

Specially arranged for the use of First-year Science and Art, City 
and Guilds of London Institute, and other Elementary Engineer- 
ing Students. Third Edition. . 12mo, cloth. . , SI. 50 
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JAITTTETTAZ, £, A Guide to the Detenniaation of Rocks ; 

being an Introduction to Lithology. Translated from the French 
'>y G. W. Plympton, Professor of Physical Science at Brooklyn 
Polytechnic Listitute. 12mo, cloth SI .50 

JEHL, F., Mem. A.I.E.E. The Manufacture of Carbons 

for Electric Lighting and Other Purposes. A Practical Handbook, 
giving a complete description of the art of making carbons, electros, 
etc. The various gan generators and furnaces uied in carbonizing, 
with a plan for a model factory, Kuatrated with numerous dia- 
grams, tables and folding plates. 8vo, cloth, illustrated $4 . 00 

JENinSON, F. H. The Manufacture of Lake Pigments 

from Artificial Colors. A useful handbook for color manufac- 
turers, dyers, oalor chemists, paint manufacturers, drysallers, 
walipaper^makers, enamel and surface-paper makers. With 15 
{dates illustrating the various methods and errors that arise in 
the different processes of production. 8vo, cloth nef, $3.00 

JOHNSON, W. McA. "The Metallurgy of Nickel." Tn Press. 

JOHNSTON, J. P. W., Prof., and CAMERON, Sir Chas. 

Elonienta of Agricultural Chemistry and Geology. Seventeenth 
Edition. 12mo, cloth $2.60 

1 JONES, H. C. Outlines of Electrochemistry, With 

tables and diagrams. 4to, cloth, illustrated SI .^ 
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JONES, M. W. The Testing and Valuation of Raw Mate- ' 

rialHuaed in Paint and Color Manufacture. !2mo, c)oth, .net, $2.00 

JOYHSON, F. H. The Metals Used in Construction. 

Iron, Steel, Breseraer Metal, etc-. Illustrated. 12mo, doth.. . .75 

- — Designing and Construction of Machine Gearing. 

Illustrated. 8vi>, rlolh 82.00 

JUPTNER, H. F. V. Siderology: The Science of Iron. 

(The Const [imtidii of Iriin -Vlloys and Iron.) Translated from 
thH German. Svo, cloth, 3 W pages, iUuKtra ted. neJ, 85.00 

KANSAS CITY BRIDGE, THE. With an Account of 

the Regimen of the Missouri River and a Description of the 
MethodB used for Founding in that River, by O. Chanute, Chief 
Engineer, and George Morison. AHsistant Engineer. Illustrat«d 
nith 5 lithographic views and 12 plates of plans. 4to, eloth. S6.O0 

KAPP, G., C.E. Electric Transmission of Energy and 

itfl Transformation, Subdivision and Distribution. A practical 
handbook. Fourth Edition, revised, l2nio, cloth 93.50 

— ^ Dynamos, Motors, Alternators and Rotary Con- 
verters. TranelaUxl from the third German edition, by Harold 
H. Simmons, A.M.I.E.E. With numerous diagrams and figurwa. 
Svo, cloth, 507 pages , $4,00 

EEIM, A. W. Prevention of Dampness in Buildings. 

With Remarks on the Cauaes, Nature and KfTect-s of Saline Efflo- 
rescences and Dry Rot. For Architects, Builders, Overeeers, 
Plasterers, Painters and House Owners. Translated from the 
aecond revised. German edition. With colored plates and dia- 
grams. 8vo, cloth, illustrated, 115 pages net, $2.00 

KELSEY, W. R. Continuous-current Dynamos and 

Motors, and their Control: being a series of articles reprinted 
from The Practical Engineer, and completed by W. R. Kels^. 
With many figures and diagrams. 8vo, cloth, illustrated. . .$2.50 

KEMP, J. F., A.B., E.M. A Handbook of Rocks. For Use 

without the microBTOpe. With a glossary of the names of ro«kl 

and of other lithological temos. Svo, cloth, illustrated Si . 56 

Third Edition, revised. 

KEMPE, H. R. The Electrical Engineer's Pocket-book I 

of Modem Rules, Fermids, Tables and Data. Illustrated. I 
32mo. morocco, gUt $1 .7»f 
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KENNEDY, R. Modem Engines and Power Generators. 

Vol. I. A Practical Work oti Prime Movers and the Tranamisaioii 
ot Power: Steam, Electric, Water, and Hot-air. With tables, 
figurea, and full-page engravings. 4to, cloth, illustrated, , S3. 60 

KENNEDY, R. Electrical Installations of Electric Light, 

Power. Traction, and Iiiduatria! Electrical Macliiiiery. With nu- 
meroa'i diagrams and engravings. 

Vol. I. The Electrical Circuit, Measurement, Ele- 
ments of Motors, Dj-namos, Elect roljais. 8vo, doth, illus . . $3,50 ' 

Vol. II. Instruments, Transformers, Installation Wir- 
ing, Switches and Switchboards. Svo, cloth, illustrated . . . $3.50 

Vol. in. Production of Electrical Energy, Prime 

Movers, Generators and Motors, 8v-o, doth, illustrated. . . $3.50 

Vol. IV, Mechanical Gearing; Complete Electric In- 
stallations; Electrolytic. Mining and Heating Apparatu.t; Electric 
Traction; Special Applications of Electric Motors. Svo. cloth, 
lEuatrated S3. 50 

■ Vol. V. Apparatus and Machinery used in Telegraphs, 

Telephones, Signals. Wireless Telegrapli. X-Rays, and Medical 
Science. Svo, cloth, illustrated 83 . 50 

KENKELLY, A. E. Theoretical Elements of Electro- 

dymimic Machinery. Svo, cloth $1.50 

KILGOUR, M. H., SWAN, H., and BIGGS, C. H. W. Elec- 

trical Distribution: its Theory and Practice. 174 illustrations. 
12mo, cloth S4,00 

KING, W. H. Lessons and Practical Notes on Steam, 

the Steam-engine, Propellers, etc., for Young Marine Engineers, 
Students and others. Revised by Chief Engineer J, W. King, 
United States Navy. \dth Edition, enlarged. Svo, cloth $2.00 

KINGDON, J. A. Applied Magnetism. An btroduction 

to the Design of Electromagnetic Apparatus. Svo, doth. . 83.00 

EIRKALDY, W. G. Illustrations of David Kirkaldy's 

System of Mechanical Testing, aa Originated and Carried on by 
hiiu durine; a Quarter of a Century. Comprising a Large Selec- 
tion of Tabulated Results, showing the Strength and other Proper- 
ties ot Materials used in Construction, with Explanatory Text 
and Historical Sketch. Numerous engravings and 25 lithogrsphed 
plat«s. 4to. cloth $20.00 
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KIRKBRIDE, J. Engraving for Illustratioa : Historical 

wid Pniflical Notes, with ilhistratiooE and 2 plates by ink 
photo procEBs. 8vo, cloth, illustrated, 72 pages nrt, $1 50 

KIRKWOOD, J. P. Report on the Filtration of River 

Waters for the Supply of Cities, as practised in Europe, made ' 
to the Board of Water Commisaionera of tlie City of St. Louis. 
Illustrated by 30 double-page engravings. 4to, doth .... $7.60 

KLEIN, J. F. Design of a High-speed Steam-engine. 

Witli notes, diagrams, forinulaa and tHbles, Second Edition, 
rerined and enlarged. 8vo, cloth, illustrated, 257 pages, .net, S5 00 

KMIGHT, A. M., Lieut.-Com. TJ.S.N. Modern Seaman- 
ship. lUuBtmted with 136 full-page plates and diagrams. 8vo, 

cinth, illustrated. Second Edition, raised net, $6 00 

HiUf moroCTO $7,50 

KMOTT, C. G., and MACKAY, J. S. Practical Mathematics. 

With numerima examples, figures and diagrams. A'eio Edition. 
8vo, doth, illustrated $2.00 

ROLLER, T. The Utilization of Waste Products. A 

Treatise on the Rational Utilization, Kecovery and Treatmeut 
of Waste Produets of all kinds. Translated from the German 
tticond revised ediiion. With nimieTous diagrams. 8vo, doth, 
illustrated, 280 pages net, 93. 50 

Cosmetics. A Handbook of the Manufacture, Em- 
ployment and Testing of all Cosmetic MateriaJs and CoBra.eti(i 
Specialties. Translated from the German by Chas. Sailer. Svo, 
cfoth net, 82.50 

KRAUCH, C, Dr. Testing of Chemical Reagents for 

Purity. Authoriied translation of the Third Edition, by J. A. 
Williamson and L. W. Dupre. Witk additions and emendations 
by the author, i^vo, cloth net, $4 . 50 

LAMBERT, T. Lead, and its Compoimds, "With tables 

diagrams and folding plates. Svo, doth, 22S pages. . . .net, S3. 50 

Bone Products and Manures. An Account of 

the most recent improvements in. the manufacture of Fat, Glue, 
Animal Charcoal, Swe. Gelatine and Manures. With plans and 
diagrams. Svo, cloth, illustrated net, $3.00 

LAMBORN, L. L. Cotton-seed Products. With numerous 

diagrams and engravings In Pren. 
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LAMPRECHT, R. Recovery Work after Pit Fires. A 

desoription of the principal methods ptiraued, especially in fiery 
mines, and of the various appliances employed, such as respira- 
tory and rescue apparatus, dams, etc. With folding plates and 
diagrams. Translated from the German by Charlea Salter, 8vo, 
elofli, illustrated net, S4 , 00 

LASSABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code, with Hog's Improvements. The most perfect 
Secret Code ever invented or discovered. Impossible to read 
■without the key. ISmo, cloth 60 

LASSAR-COHIT, Dr. An Introduction to Modem Sden- 

tific Chemistry, in the form of popular lectures suited to University 
Extension Students and general readers. Translated from the 
author's corrected proofs for the second German edition, by 
M. M. Pattison Muir, M.A. 12mi>, doth, illustrated $2.00 



Triple and Quadruple Expansion Engines and Boilers 

and their Manafiement. With 59 illustrations. Third Edition, 
rmserf. l3mo, cloth.. $2,00 

Refrigerating Machinery: Its Principles and Man- 
agement. With 64 illustrations. 12mo, cloth 8^00 

LECKY, S. T. S. "Wrinkles" in Practical Navigation. 

With 130 illustratioDS. Svo, doth. Fourteenth Edition, rmised 
and enlarged 89 . 00 

LEFEVRE, L. Architectural Pottery: Bricks, Tiles, Pipes, 

Enameled Terra-Cottas, Ordinary and Inorusted Quarries, Stone- 
ware Mosaics, Faiences and Architectural Stoneware. With 
tables, plates and 050 cute and illustrations. With a preface by 
M, J.-C. Formig^. Translated from the French, by K. H. Bird. 
M.A., and W. lloore Bums. 4to, cloth, illufll'ated net, 97. 50 

LEHWER, S. Ink Manufacture; including Writing, Copy- 
ing, Lithographic, Marking, Stamping and Laundry Inks. Trans- 
lated from the fifth German edititm, by Arthur Morris and 
Herbert Robson, B.Sc. 8vo, cloth, illuetrat«d tiet,$2.50 



LEVY, C. L. Electric-light Primer. A simple and com- 
prehensive digest of all the most important facts connected with 
the running of the dynamo, and electric lights, with precautiona 
for safety. For the use of persons whose duty it is to look after 
the plant. 8vo, paper 
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LIVACHE, ACH. (Ingenieur Civil des Mines). The Xan- 
ufacture of Varnishes. OiJ Crushing, Refining and Boiling, and 
Kindred Industries. Describing the Manufaciure and Chemical 
and Physiral Pnjperties of Spirit VamisheB and (HI A'amiEhes; 
Haw Materials; Resins; Solvanta and Coloring Principles; Drr- 
ing Oils, their K\traction, Properties and Applicalione; Oil 
Refinine and Boiling; The Manufacture, Emplovment and Test- 
ing of Variniu Varnishes. Translated from the l^rench, br John 
G«Jdes Mcintosh. Greatly extended and adapted to English 

E[sctice. With numerous original recipes by the translator, 
lustrated with cuts and diagrams. Svo, cloth ...... net. to OO 

LIVERMORE, V. P., and WILLIAMS, J. How to Become 

a Competent Motorman. Being a Practical Treatise on the 
Proper Method of Operating a Street Railway Motor Car; aleo 
giving details how to overcome certain defects, I6mo. doih, 
fllustrated, 132 pages $1.00 

LOBBEN, P., M.E. Maddni&ts' and Draftsmen's Hand" 

book, containing Tables, Rules, and Formulas, n'ith numerous 
examples, explaining t lie principles of mathematics and mechanics, 
as applied to the mechanical trades. Intended as a reference book 
for all interested in Mechanical work. Illustrated irith many 

cuts and diagrams. Svo, doth S2.S0 

LOCKE, A, G. and C. G. A Practical Treatise on tlie 

Manufacture of SulpliTuic Acid. With 77 constructive ^atee, 
drawn to scale measurements, and other iUustrationa. Roval 
8vc), cloth $10 '00 

LOCEERT, L. Petroleum Motor-cars, i2mo, cloth, Si. 50 

LOCKWOOD, T. D. Electricity, Magnetism, and Electro- 

ti.'jpgmpliy. A Practic^al Guide for Students, Operators, and 
Inspectors. ,Svo, cloth. Third Edition $2.50 

Electrical Measurement and the Galvanometer : its 

Conatruotion and Uses. Second Edition. 32 lUust rat ions. I2mo, 
cloth , $1,50 
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— Signalling Across Space, Without Wires: being a 

description of the work of Herti and his successors. With numer- 
ous diagrams and half-tone cuts, and additional remarks con- 
cerning the application to Telegraphy and later developments. 
nird Edition. Svo, cloth, illustrated net, $2.00 
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LORD, H. T. DecoratiTe and Fancy Fabrics. A Valuable 

Book with desigiia and illusfrntions for mamifacturers and <ie- 
signera of CarpetH, Dainask, Dross and all TextQe FabrJL's, Svo, 
cloth, illustrated nel. S3 . 50 

LOKmG, A. £. A Handbook of the Electro-magnetic 

Telegraph. 16mo, cloth, boards. New ajid etUarged edition. . .50 

LUCE, S. B., Com. Text-book of Seamanship. The 

Equipping and Handling of VeRBcls under Sail or Steam. For 
the use of the U. S. Naval AcadeniT. Reitised and cidarged 
fl(fi(ton, by Lieut. Wm. S. Bensou. Svo, cloth, illustrated. . 810!00 

LUCKE, C. E., Prof. Columbia Univ. Gas Engine Design. 

LUNGE, G., Ph.D. Coal-tar and Ammonia: being the 

third and enlarged edition of "A Tmatis* on the Distillation of 
Ciial-tBr and Animoniaeal Liquor," with numeroue tables, figures 
and diagrams. Thick Svo, cloth, illustrated net, $15,00 

— A Theoretical and Practical Treatise on the Man- 
ufacture of Sulphuric S.e\ii and Alkali with the Collateral Branches. 
Vol. L Sulphuric Acid. In two parts, not sold separately. 

SKoniEditiQn.rem^dnjtdenl'irged. 342iUua, Svo, cloth. . $15,00 
Vol. n. Salt Cake, Hydrochloric Acid and Leblanc 

Soda. Second Edition, resised and enlarged, Svo, cloth... SI5 00 

Vol. III. Ammonia Soda, and various other processes 

of AlkaU-making, and the preparation of Alkalis, Chlorine and 
Chlorates, by Electrolysis. Svo, cloth. iVeriiE(ii(Mjn,lS96, , $15,00 

and HURTER, F. The Alkali Maker's Handbook. 

Tables and Analytical Methods for Manufacture'^ of Sulphuric 
Acid, Nitric Acid, Soda, Potash and Ajumoiiia. Second EiiHion. 
12mo, cloth S3. 00 

LUPTON, A., PARR, G. D. A., and PEHKIN, H. Elec- 
tricity as Applied to Mining. With tables, diagrams and folding 
plat«8. Svo, cloth, illustrated, 2S0 pages iwf, $3 . 50 

LUQTTER, L. M., Ph.D. Minerals in Rock Sections. 

The Practical Method of Identifying Minerala in Rock Sections 
with the Microscope. Especially arranged for Students in Techni- 
cal and Scientific Schools. Svo, cloth, illustrated net, SI .50 

MACCORD, C. W., Prof. A Practical Treatise on the 
Slide-valve by Eccentrics, exanuDing by methods the action of 
the Eccentric upon the Slide-valve, and explaining the practical 
proceBsea of laying out the movementfl. adapting the Valve for 
its various duties in the Steam-engine. Second Edition. Illus- 
trated. 4to, cloth 12 50 
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MACKROW, C. The Naval Architect's and Ship-builder's 

Pouket4)ook of Formula;, Rules, and Tables; and Enpneera' and 
Surveyors' Handy Book of Reference. Eighth Edition, remaed 
and enlarged. 16mo, limp leather, illustrated $5.00 

MAGUIRE, E., Capt., U.S.A. The Attack and Defence 

uf Coast Fortifications. With maps and numerous illustrations, 
8vo, cloth $2.30 

MAGUIRE, WM. R. Domestic Sanitary Drainage and 

Plumbing Lectures on Practical Sanitation. 332 illuslraliona. 
avo 84,00 



JiARKS, E. C. R. Mechanical Engineering Materials: 

Their Properties and Treatment in Construction. 12mo, doth, 
illuatrated ,60. 

Notes on the Construction of Cranes and Lifting 

Machinery. With numerou.1 diagrams and figures. New and 
enlarged edition. ]2nio, cloth Ttet, SI .SO 

Notes on the Construction and Working of Pumps. 

With figures, diagrams and engravinga, 12mo, cloth, illus- 
trated nci, $1,50 

MARKS, G. C. Hydraulic Power En^eering. A Prac- 
tical Manual on the Concentration and Trauamission of Power 
by Hydraulic Machinery, ^"ith over 200 diagrams and tablea 
8vo, cloth, illustrated J3 . 50 

MAVER, W. American Telegraphy: Systems, Apparatus, 

Operation, 450 iUuatrationfl. 8vo, cloth S5.00 

MAYER, A. M., Prof. Lecture Notes on Physics. 8vo, 
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Mcculloch, R. S., Prof. Elementary Treatise on the 

Mechanical Theory of Heat, and its spplication to Air and Steam- 
enginee. 8vo, cloth SS . 50 

McINTOSH, J. G. Technology of Sugar. A Practical Treatise 

on tha Manufacture of Sugar from the Sugar-cane and Stigai> 
beet. With diagrams and tables, Svo, cloth, illustrated. nei, S4.fiO 
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McITEILL, B. McNeill's Code. Arranged to meet the 

requirementa of Mining, Metallurgical and Civil Engineers, Direo- 
tora of Mining, Smelting and other Companies, Bankers, Stock 
and Share Brokers, Solicitors, Accountants, Financiers and 
General Merchants. Safety and Secrecy. Svo, cloth. ... 86.00 

Mcpherson, J. a., a. M. Inst. C. E. Waterworks 

Distribution. A practical guide to tlie laying out of systcrai 

diBtributiug mains for -' 

With tables, folding \ 
Svo, cloth, illustrated. . 

MERRITT, WM. H. Field Testing for Gold and Silver. 

A PrMtieal Manual for Prosppctors and Mincr.s. With numerous 
half-tone cuts, figures and tables. 16mo, limp leather, illus- 
trated 81 , 50 

METAL TURNING. By a Foreman Pattern-maker. Illus- 
trated with 81 engravings. 12mo, cloth 81.50 

MICHELL, S. Mine Drainage: being a Complete Prac- 
tical Treatise on Direct-acting Underground Steam Pumping 
Machinery. Containing niiiny folding plates, diagrams and 
tables. Second Edition, reivTitUn and enlarged. Thick Fvo, 
cloth, illustrated 810,00 

MIERZINSKI, S., Dr. Waterproofing of Fabrics. Trans- 
lated from the German by .\rtlmr Morris and Herbert Rohson. 
With diagrams ana ligures, Svo, cloth, illustrated. . . net, 82.50 



INIFIE, W. Mechanical Drawing. A Text-book of 

Geometrical Drawing for the use of Mechanics and Schools, in 
Hhich the Definitions and Rules of Geometry are familiarly ex- 
[dained; the Practical Problems are arranged from the most 
aimpte to the more complex, and in their description technicaUties 
KK avoided as much as possible. With illustrations for drawing 
Plans, Sections, and Elevations of Railways and Machinen'; an 
Introduction to Isometrical Drawing, and an Essay on Linear 
Perspective and Shadows. Illustrated with over 200 diagrams 
engraved on steel. Tenth Tkowiand, revised. With an Appen- 
thc Tlieory and Application of Colors. Svo, cloth. . 84.00 

- Geometrical Drawing, Abridged from the octavo 

edition, for the use of schools. Illustrated with 4S steel plates, 
Ninth Edition. 12mo, cloth 82.00 
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MODERH HETEOROLOGT. A Series of Sz 

defivered under the aii^ces of the 

IWO. IDiwtrat«>j- 12mo, clolh 

MOORE, E. C. S. Hew Tables for the 

ti'jn of Ganijuilkt and Kuiter'i Formiila for the 
open irh&nne Is. pipes, aeweni and conduils. lu tn 

iamnged for tOSO indinatiom* from 1 over 1 to 
fifteen differeDt values of (n). Part II. for w 
valoBS of (n). WHb lar^ folding diagram. : 
trated. 

MOREING, C. A., and KEAL, T. New Geoerat and 1 

Teltigraph Dide. 676 pages, aiphalw^tically arranged. For the 
line lA mining eomp&nies. mining engineers, atocic brokers, fin&anal 
offnla, and truBt and finance crmipanieg. Eighth Edition. Svo, 
Moth »5.00 

HOSES, A.' J., and PARSONS, C. L. Elements of Uner- 

alogy, Oyatallographv and Blowpipe Analysis from a Prsetii^ 
i^tandpoint. Second Thousand. Svo, cloth, 336illus.. net. S2.00 

HOSES, A. J. The Characters of Ciystals. An Intro- 

durtion to Physical Crystallography, containing 321 illustraiiota 
and diagrams. Svo, 211 pagea net, S2.00 

HOSS, S. A. The Lay-otit of Corliss Valve Geara. (Van 

Nostnmd's Seiente Seriet, No. 119.) J6mo, c'loth, illut 

HULLIN, J. P., H.E. Modem Moulding and Pattem- 

making. A Prartical Treatise upon Pattem-sliop and Foundry 
Work: cmltracing the Moulding of Pulleys, Spur Geara, Worm 
Gears, Balance- wheels. Stationary Engine and Locomotive 

iCyXmAen, Globe Valves, Tool Work, Mining Machinery, Screw 
Propellera, Paltem-shop Machinery, and the latest mijirove- 
■nenls in English and American Cupolas; together with a large 
collection of ori^nal and carefully selected Rules and Tables 
for every-day use in the Drawing Office, Pattern-shop and Foundry. 
;' 1 2nio, cloth, illustrated $2 . 50 

I MUNRO, J., C.E., and JAMIESOH, A., C.E. A Pocket- 

R. book of Electrical Rules and Tables for the use of ElectriciMiB 

B and Engineers. Fi/leenlh BdiUon, revised and etilaTged. With 

k numerous diagrams. Pocket aize. Leather S2 , 60 

I -TJR 

L 



■"XJRPHY, J. G., M.E. PracUcal Mining. A Field Manual 

for Mining Engineers. With Hints for Investors in Hining 
Propertiea. lOmo, morocco tucks (1.09 
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NAQTJET, A. Legal Chemistry. A Guide to the Detection 

of Poisons, Falsiflcation of WritingH, Adulteration of Alimentary 
and Pharmaceutical Substances, Aiialysis of Ashes, and Exami- 
nation of Hair, Coins, Arms and Stains, as applied to Chemical 
Juriapnidence, for the use of Chemists, PhysicianB, Lawyers, 
Pharraaeista and Exp>erts. Translated, with additions, including 
a hst of books and memoirs on Toxicology, etc., from the French, 
by J. P. BatterehaJl, Ph.D., with a Preface by C. F. CJiandlpr, 
Ph.D., M.D., LL.D. 12mo, doth 12.00 

NASMITH, J. The Student's Cotton Spinning. Third 

Edition, revised and enlarged. 8vo, cloth, 622 pages, 250 illus- 
S3 . 00 



NEUBURGER, H., and NOALHAT, H. Technology of 

Petroleum. The Oil Fields of the World: their History, Geog- 
raphy and GeoloOT. Annual Production, Prospection and Develop- 
ment ; Oil-well DriUine; Transportation of Petroleum by Land 
and Sea. Storage of Petroleum. With 153 illustrations and 25 
plates. Translated from the French, by John Oeddes Mcintosh. 
8vo, cloth, illustrated ne/, 810.00 

HEWALL, J. W. Plain Practical Directions for Drawing, 

Sizing and Cutting Bevel-gears, showing how the Teeth may 
be cut in a Plain Milling Machine or Gear Cutter so as to give 
them a correct ahap? from end to end; and showing how to get 
out all particulars lor the Workshop without making any Draw- 
ings. Including a Full Set of Tables of Reference. Folding 
plates. 8vo, doth Jl .50 

NEWXANDS, J. The Carpenters' and Joiners' Assistant: 

being a Comprehensive Treatise on the Selection, Preparation 
and Strength of Materials, and the Mechanical Principles of 
Framing, with their application in Carpentry, Joinery and 
Hand-railing; also, a Complete Treatise on Sines; and an Illus- 
trated Glossary of Terms used in Architecture and Building, 
niuatrated. Folio, half morocco 815. OD 

HIPHER, F. E., A.M. Theory of Magnetic Measurements, 

with an AppendLt on the Method of Least Squares. 12mn, 
doth Si , 00 

IfUGEWT, E. Treatise on Optics; or, Light and Sight 

Theoretically and Practically Treated, with the Application to 
Fine Art and Industrial Pursuits. With 103 illustrations. r2mo, 

clolh 81.50 

O'COHNOR, H. The Gas Engineer's Pocket-book. Com- 
prisLug Tables, Notes and Memoranda relating to the Manu- 
facture, Distribution and Use of Coal-gas and the Construction 
of Gas-works. Second Edition, reiiiaed. 12mo, full leather, gilt 

. S3. 50 
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OLSEN, J. C, Prof. Text-book of Quantitative Chemica! 
Analysts by Gravimetric, Electrolytic, Volumetric and Gasometric 
Methods. With Seventy-two l^ahoratory Exercises giving the 
Analysis of Pure Salts. AlloyB, Minerals und Technical PriSucta, 
With numerous figures and diagrams. 8vo. cloth., n^i, 84.00 

OSBORIT, F. C. Tables of Moments of Inertia, and Squares 

m of Radii of Gyration; supplemented by others on the Ultimate 
^ and Sjfe Strength of Wrought-iron Columns, Sate Strength of 
^ft Timber Beams, and Constants for readily obtmning the Shearing 
^V Stresses, Reactions and Bending Monaent« in Swing Bridges. 
I 12mo, leather. S3 . 00 

03TERBERG, M. Synopsis of Current Electrical Litera- 
ture, compiled from Technical Journals and Magazines during 
Il^05. Svo, cloth SI. 00 

OUDIW, M. A. Standard Polyphase Apparatus and Systems. 

With many diagrams and figures. Third fJdifion. Ihoro-ugbly 
rei-ised. Fully illustrated. $3 . 00 

PALA2, A , Sc.D. A Treatise on Industrial Photometry, 

with special application to Electric Lighting. Authorized trana- 
latiun from tfie French by Geoi^ W. Patteraon, Jr. Sftund 
Edition, reviaed. Svo, cloth, illustrated $4 . 00 

PAUR, G. D. A. Electrical Engineering Measuring Instni- 

nientH, for Coiiunercial and Laboratory Purposes. With 370 
diagrams and engravings. Svo, cloth, illustrated nei, $3.50 

PARRY, E. J., B.Sc. The Chemistry of Essential Oils 

and .Artificial Perfmnes. Being an attempt to group together 
the more important of the published facts connected vrith the 
subject; also giving an outline of the principles involved in the 
preparation and analysis of Essential Oils. With numerous dia- 
grams and tables, Svo, cloth, illustrated net, $6.00 

and COSTE, J. H, Chemistry of Pigments. With 

tables and figures. Svo, doth net, S4.60 

PARRY, L. A., M.D. The Risks and Dangers f Various 

Occupations and their Pre^'ention. A book, that should be in 
the hands of manufacturers, the medical profession, eanitan 
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MARSHALL, H. F., and HOBART, H. M. A mature 

Windings of Electric Macliines. With 140 full-page plitce, 65 
tableaand 165page3of descriptive letter-press. 4to, cloth.. $7.60 
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PARSHALL, H. F., and PARRY, E. Electrical Equipment 

of Tramways In Press 

PASSMORE, A. C. Handbook of Technical Terms used 

in Architecture and Building, and tht^ir Allied Trades and Sub- 
jects. 8vo, doth , nei, 83 . 50 

PATERSON, D., F.C.S. The Colo' Printing of Carpet 

Yams, A useful manual for color chemiBts and textile printers. 
With numerous illuatrations. 8vo, cloth, illustrated. . . . net, S3 . 50 



Color Matching on Textiles. A Manual intended for 

the use of Dyera, Calico Printers and Textile Color Chemists. 
Containing colored frontispieo* and 9 iliuBtrations, and 14 dyed 
patterns in appendix. Svo, cloth, illustrated net, S3 .00 

The Science of Color Mixing. A Manual intended 

for the use of Dyers, Calico Printers, and Color Chemista. With 
figures, tables, and colored plate. 8vo, cloth, illustrated, net, S3 . 00 

PATTEN, J. A Plan for Increasing ths Humidity of 

the Arid Region and the Utilization of Some of the Great Rivers 
of the United States for Power and other PurpoRfis, A paper 
communicated to tlie National Irrigation Congress. Ogden, Utah, 
Sept. 12, 1903. 4to, pamplilet, 20 pages, with 7 maps SI . 00 

PAULDING, C. P. Practical Laws and Data on the Con- 
densation of steam in Covered and Bare Pipes; to which is added 
a translation of Pfdet's "Theory and Experiments on tlie Trans- 
miaaion of Heat Through Insulating Materials, " 8vo, cloth, 
illustrated, 102 pages nei, $2.00 



I PERRINE, F. A. C, A.M., D.Sc. Conductors for Elec- 
trical Distribution: their Manufacture and Materials, the Calcu- 
lation of Circuits, Pole Line Construction, Underground Working 

I and other Uses. With numerous diagrams and engravings. 8vo, 

cloth, illustrated, 287 pages nel, S3. 50 

Postage . 25 

I PERRY, J. Applied Mechanics. A Treatise for the use 

Lof atudenta who have time to work experimental, nmnericaJ and 
graphical exercises illustrating the Eubject. 8vo, cloth. 660 
pages ne(. »2 . 50 
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PHILLIPS, J. Engineerng Chemistry. A Practical 

Treatise for the use i>( Analvtica! Cliemista. Engineers, Iron 
Mastere, IroQ Founders, students and others. Comprising methods 
of Analj^is and Valuatiou of the principal materialB ueed in 
Engineering works, with numerous Analysea, Examples, and 
Suggeetiona. Illustrated. Third Edition, remaed and enlarged. 
8vo, cloth »4,S0 

Gold Assajdng. A Practical Handbook giving the 

Modus Operandi for the Accurate Assay of Auriferous Orea and 
Bullion, and the Chemical Tests rec}uircd in the Proceases of 
Extrartion by Amalgamation, Cyanidation and Chlorination. 
With an appendix of tables and statistics and numerous diagrams 
and migraviiigs. 8vo, dotli, illustrated .,..,. net, S2.50 

PICKWORTH, C. TT. The Indicator Handbook. A Prac- 
tical Manual for Engineers, Part I. The Indicator: its Con- 
struction and Application. ?it illustrations. 12mo, cloth.. . 31 .50 

■ The Indicator Handbook. Part II. The Indicator 

Diagram: its Anolj-sis and Caloulatiun. With tables and Ggurea. 
12mo, cloth, illustrated $1.50 

Logarithms for Beginners. 8vo, boards 50 

The Slide Rule. A Practical Manual of Instruction for 

all Users of the Modem Type of Slide Rule, containing Succinct 
Explanation of the Principle of Slide-rule Computation, together 
with Numerous Rules and Practical Illustrations, exhibitioK the 
Application of the Instrument to the Everyndav Work of the 
Engineer — Civil, Mechanical and Electrical. Set'cnth Edition. 
I2mo, flexible cloth H.OO 

Plane Table, The. Its Uses in Topographical Survey- 
ing. From the Papera of the United States Coast Survey. 

Illustrated. 8vo, cloth »2.00 

"This «"ork gives a description of the Plane Table employed at 
the United States Coast Survey office, and the manner of using it. " 

PLANTE, G. The Storage of Electrical Energy, ard 

Researches in the Effects created bj- Currents, combining Quan- 
titv with High Tension. Tranalatwi from the French by Patll 
B."ElwelI. t-9 iliuetrations. 8vo, cloth $4.00 

fER'S Manual of Qualitative and Quantitative 

T»is with the Blow-pipe. Eighth Edition, rrrisfd. Translated 

eniy B. ComwaU, E.M.. PhXl.. assisted by John H. Casvdl, 

From the sixth German edition, bv Prof. Fnedericfa 'Kdl- 

.. With ST woodcuts. 463 pages. 'Svo, cloth. .. Mt.M.OO 
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PLYMPTOIT, GEO. W., Prof. The Aneroid Barometer: 

its Construction and Use. Compiled from several eourcea. 
Eighth Ediiion, revised and enlarged. 16mo, boards, illus- 
trated SO . 50 

Morocco 1 .00 

POCKET LOGARITHMS, to Four Places of Decimals, 

including Logarithms of Numbers, and Logarithmic Sines and 
Tangents to Single Minutes. To which is added a Table of 
Natural Sines, Tangents and Co-tangents. 1 6010, boards 50 

POPE F. L. Modem Practice of the Electric Telegraph. 
A Technical Handbook for Electricians, Manaeera and Operators. 
'Fifteenth Ediiion, rewritten and enlarged, and jtMy iHuatraled. 8vo, 
cloth SI. 50 

POPPLEWELL, W. C. Elementary Treatise on Heat and 

Heat Engines. Specially adapted for engineers and students of 
engineering. 12mo, cloth, illustrated S3 , 00 

Prevention of Smoke, combined with the Economical 

Combustion of Fuel. With diagrams, figures and tables. 8vo, 
cloth, illustrated ne(, »3 . 50 

POWLES, H. H. P. Steam Boilers In Press. 

Practical Compounding of Oils, Tallow and Grease, for 

Lubrication, etc. By an E.-cpert Oil Refiner. Svo, cloth, nef, $3.50 

Practical Iron Founding. B7 the Author of " Pattern 

Making," etc. Illustrated with over 100 engravings. Third 
EdUion. I2mo, cloth 11 . 50 

PRAY, T., Jr. Twenty Years with the Indicator: being 

a Practical Test-book for the Engineer or the Student, with no 
complex Formula-. Illustrated. 8vo, cloth $2,50 

Steam Tables and Engine Constant. Compiled from 

Regnault, Rankine and Dixon directly, making use of the 
exact records. 8vo, doth $2 . 00 

PREECE, W. H. Electric Lamps In Press. 

and STDBBS, A. T. Manual of Telephony, nius- 

trations and plates. 12mo. cloth 94.60 

PRELINI, C, C.E. Tunneling. A Practical Treatise con- 
taining 149 Working Drawings and Figures. With additions 
by Charlea S. Hill. C.E., Associate Editor " Engineering N«wb." 
311 pages. Second Edition, reviaed. 8vo, cloth, illus,... t3,00 
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PRELim, C, C.E. Earth and Rock Excavation. AHanual 

for Eneineere, Contractors and Engineering Students. Svo, 
riotli. illualrated. About 350 pages In Prta. 

PREMIER CODE. (See Hawke, Wm. H.) 

PRESCOTT, A. B., Prof. Organic Analysis. A Manual 

of the I>eecriptive and Analytical Chemistry of certain Carbon 
Compounds in Common Use; & Guide in the Qualit&tive and 
Quantitative Analysis of Oi^nic Materials in Commercial and 
Pharmttceutieal Aisays, in the estimation of Impurities under 
Authorized Standards, and in Forensic Examinations for Poisons, 
with Directions for Elementary Organic AnalyaLi. Fifth Edi- 
tion. 8vo, cloth , S5.00 

Outlines of Proximate Organic Analysis, for the 

Identification, Separation and Quantlt-ative D^leimination of 
the more commonly occurring Organic Compounds. Fnurik 
Edition. 12mo, cloth , SI .75 

and SULLIVAlf, E. C. (Unireraity of Michigan). First 

Book in Qualitative Chemistry. For Studies of Water Solution 
and Msjjs Action. Twelfth Edition, entirely rciiWMen. i2mD, 
cloth ivt, $1.60 

and JOHNSON, 0. C. Qualitative Chemical Analysis. 

A Guide in the Practical Study of Chemwtry and in the Work of 
Analysis. Fi/fk reiiised and enlarged ediijon. erUirdy reierilten. 
With' Descriptive Chemistry extended throughout ..... net, %S.Sl) 



PULLEN, W. W. F. AppEcation of Graphic Methods 

" lign of Structures. Specially prepared for the use of 
A Treatment by Graphic Methods of the Fcrwa 



to the Design of Structures. Specially prepared for the M 
Engineers. A Treatment by Graphic Methods of the F_. 
ma Printiples necessary for consideration in the Design of I 
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gineeriiig Struciures. Roofs, Bridges, Trusses, Framed Structures, 
WeUs, Dams, Chimneys, and Masonry Structures, 12^o, doth, 
profusely illustrated not, 12. SO 

PULSIFER, W. H. Notes for a ffistory of Lead. 8vo, 

■loth, gilt top S4.00 

PUTSCH, A. Gas and Coal-dust Firing. A Critical Review 

of the Various Appliances Patented in Germany for this purpoM 
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PYNCHOH, T R., Prof. Introduction to Chemical Physics, 

designed for the use of Academies, Colleges and High Hclioiils. 
niuatrated with numerous engravings, and conlaimng copious 
experiments, with directions for preparing them. New hdilion. 
Temsed and entaTged, and illustrated by 2t)9 wood engnti'ings, ^vo, 
doth $3,00 

RADFORD, G. S., Li ut. Handbook en UTaval Gunneiy. 

Prepared by Authority of the Navy Department. For the use 
of U. S. Navy, U. S. Marine Corps, and U. 8. Naval Reserves. 
Revised and enlarged, with the assistance of Stokely Morgan, 
Lieut. U. S. N. Third Ediiion, revised and enlarged. 12mo, 
flexible leather S2.00 

RAFTER, G. W. Treatment of Septic Sewage (Fan 
NostramTs Sde/ice Series, No. IIS). I6mo, eloth 50 

Tables for Sewerage and Hydraulic Engineers. In Press, 

and BAKER, M. N. Sewage Disposal in the United 

States. Illustrations and folding plutes. Third Ediiion. Svo, 
doth SU . 00 

RAM, G. S. The Incandescent Lamp and its Maniifac- 

ture. 8vo, cloth S3 . 00 

RAMP, H. M. Foundry Practice In Press, 

RANDALL, J. E. A Practical Treatise on the Incan- 
descent Lamp. 16mo, cloth, illustrated , . .50 

RAI7DALL, P. M. Quartz Operator's Handbook. New 

Ediiion, Teirised and enlarged, fully iltuslraled. 12iiio, cloth, 82.00 

RAITDAU, P. Enamels and Enamelling. An introduction 

to the preparation and application of all kinds of enamels for 
t«chnicsl and artistic purf^Bes. For enamel-makcra, workers 
in gold and silver, and manufacturers of objects of art. Third 
Gennan Edition. Translated by Charles Salter. With figures, 
diagrams and tables. 8vo, cloth, illustrated net, S4.oa 

RAHKIHE, W. J. M. Applied Mechanics. Comprising 

the Principles of Statics and Cinematics, and Theory of Struc- 
tures, Mechanism, and Macliines. With numerous diagrams. 
Severkeenlh Ediiion, thoroughly revised by W. J. Millar. &vo, 

eloth S5.00 

CivU Engineering. Comprising Engineering Sur- 
veys, Earthwork, Foundations, Masonry, Carpentry, Metal- 
work, Roads, Railways, Canals, Rivers, Water-works, Harbors, 
etc. With numerous tables and illustrations, Tvieniy-lirgt 
Ediiion, thoroughly revised by W. J. Millar. 8vo, cloth t&.ai 
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RAHKINE W. J. M. Machinery and MUlwork. Com- 

8 rising the Geometry, Motions, Work, Streiigth. Omatruction, and 
bjeeta of Macliiuea, ete. lUtiatrated with nearly 300 woodcuts. 
Seventh Edition, thoroughly revised by \V. J. Millar. 8vo, 
cloth " S3.00 

The Steam-engine and Other Prime Hovers. With 

diagram nf the Mechanical Properties of Steam. Folding plates, 
nuiiieroua tables and illustrations. FtflemCh Edition, thor- 
oughly revised by W. J. MiUar. Svo. doth S5.00 

Useful Rules and Tables for Engineers and Others. 

TS'ith Appendbt, Tables, Teets and Formula' for the use of Elec- 
trical Ewneers. Comprising Submarine Eiectrital Engineering, 
Electric Lighting and Transmission of Power. By And«™r 
Jamieson, C.E., F.R.S.E. Seventh Edition, thorougliy revised 
by W.J. Millar. Svo, cloth. . , ., f4.00 



— and BAHBER, E. F., C.E. A Mechanical Text-book. 

With nuiaerous illustrations. Fifth Edition. Svo, cloth. . S3. 50 



RAPHAEL, F. C. Localization of Faults in Electric 

Light and Power Mains, with chapters on Insulation Teating_ 
Wiih figures and diagrams. Second Edition, Ttvised. Svo' 
cloth, illustrated nel,i3.00. 

RAYMOND, E. B. Alternating-current Engineering Prac- 

licallv Treated. With numerous diagrams and figures. 12mo, 
cloth nrt, $2.50 

RAYNER, H. Silk Throwing and Waste Silk Spinning. 

With numerous diagrams and figures. Svo, cloth, illustrated, 

net,*2.Si 

RECIPES for the Color, Paint, Varnish, Oil, Soap and 
Drvsalterv Trades. Compiled bv an AnaJvtical Chemist. 8vo, 

cloth...,: -■ ts.sa 

RECIPES FOR FLINT GLASS MAKING. Being Leans 

form the mL\ing-book of several experts in the Flint Glass Tiade. 

Containing up-to-date t«cipes and v'aluable information as to 

Crystal, Demi-cryslal, and Colored Glass in its many vaiieties. 

It contains the recipes for cheap metal suited to pressing, blowing, 

etc.. as well as the most costly CrvBtaJ and Buby. British manu- 

fkcturera haTe kept up the qwlity of this class from the arrival of 

* VetteUans to Uiingir Hill, Stourbridge, up to the present 

liw book also contains remarks as to the result of the 

•t left the pots by the resoective metal mLxeis. taken 

own memomnda upou the originals. Compiled ^ 

IBS Master and Uixer. 12ino, doth. net, St.w 
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REED'S ENGINEERS' HANDBOOK, to the Local Marine 

Board ExaminationB for CertificateB ot Competencv as First and 
Second Class Engineers. By W. H. Thorn. With the answers 
to the Elementary Questions. Illustrated by 35S diagrams 
and 37 large plates. Seventeenth Edition, revised and enlarged. 
8vo, cloth $5,00 

Key to the Seventeenth Edition of Seed's Engineer's 

Handbook to the Board of Trade Examination for First and 
Second Class Engineers and containing the workings of all the 
questions given in the examination papers. By W. H. Thorn. 
8vo, cloth 83 . 00 

ITseful Hints to Sea-going Engineers, and How to 

Repair and Avoid "Breakdowns"; also Appendices containing 
Boiler Explosions, Useful Formulie, etc. With 43 diagramt 
and 8 plates. Third Edition, revised and enlarged. 12mo, 
doth 81.50 

Marine Boilers. A Treatise on the Causes and Pre- 
vention of their Priming, with RemaS-ks on their General Manage- 
ment. 12mo, cloth, illustrated $2.00 

REINHARDT, C. W. Lettering for Draftsmen, Engineers, 

and Students. A Practical System of Free-hand Lettering for 
Working Drawings. Revised and enlarged edition. Thirteenth 
Thousand. Oblong, boards $1 , 00 

The Technic of Mechanical Drafting. A Practical 

guide to neat, correct and legible drawing, containing many illus- 
trations, diagrams and full-page plates. 4to, cloth, illus. . . $1.00 

REISER, F. Hardening and Tempering of Steel, in Theory 

and Practice. Translated from the German of the third arid 
enlarged edition, by Arthur Morris and Herbert Robson. S^o, 
cloth, 120 pages S2.50 

REISER, N. Faults in the Manufacture of Woolen Goods, 

and iheir Prevention. Translated from the second German 
edition, by Arthur Morris and Herbert Robson. Svo, cloth, 
illustrated rtel, $2 . 60 

Spinning and Weaving Calculations with special 

reference to Woolen Fabrics. Translated from the German by 
Chas. Salter 8vo, cloth, illustrated net, $5.00 

RICE, J. M., and JOHNSON, W. W. On a New Method 

ot Obtaining the Differential ot Functions, with especial refer- 
ence to the Newtonian Conception of Rates or Velocities. 12mo, 
paper 50 
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RIDEAL, S., D.Sc. Glue and Glue Testing, with fieares 

and tables. Svo, cloth, illustrateci nrt^W.OO 

RIHGWALT, J. L. Development of Transportaticc Sys- 
tems in the United States, ewmpriHing a Comprehensive Descrip- 
tion of the leading featutee of advancement fnim the colonial 
era to the present time, in water ehanneje, roads, tumpik«s 
canala, railways, yeasela, vehicles, cars, and loeomotives; the 
cost of transportation at various periods and places by the differ- 
ent methods; the fiuaneial, eneineerine, mechanical, govern- 
mental and popular (jucstiona that have arisen, and notable 
incidents in railway history, construction and operation. With 
illuBtrations of hundreds of typical objects. Quarto, half mo- 
rocco 17.50 

RIPPER, W. A Course of Instruction in Machine Drawing 

and Design for Technical Schools and Engineer Students. With 
52 platea and numerous explanatory engravings. Folio, cloth, 
net. Se.od 
ROBERTSON, L. S. Water-tube Boilers. Based on a 
shiirl course of Lectures delivered at University Colleee, London, 
With upward of 170 illustrations ajid diagrams. Svo, cloth, 
illustrated S3 .00 

ROEBLING, J. A. Long and Short Span Railway Bridges. 

Illustrated with large copper-plate eDgravings of plans and views. 
Imperial folio, clotli S25,00 

ROSE, J., M.E Th; Pattern-makers' Assistant. Emhrac- 



Key to Engines and Engine-running. A Practical 

Treatise upon the Management of Steam-^ngities and Boilere for 
the use of those who desire to pass an examination to take 
charge of an engine or builur. With numerous illustrations, 
and Instructions upon Engineers' Calculations, Indicators, 
Diagrams, Engine Adjustments and other Valuable Infofroation 
necessary for Engineers and Firemen. 12rao, cioth. Illiis. . J2.60 

ROWAN, F. J. The Practical Physics of the Modern 

Steam-boiler. With an Introduction by Prof. R. H. Thureton. 
With numerous illustrations and diagrams. Svo, cloth, Dlui- 
trated $7. a) 

SABINE, R. History and Progress of the Electric Tele- 

;raph. With descriptions of some of the apparatus. Seani 
idtlion, with addilions. 12mo, cloth J1.2S 
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SAELTZER, A. Treatise on Acoustics in Connection 

with Ventilation. 12mo, cloth (1 . 00 

SALOMONS, Sir D., M.A. Electric-light Installations. 

A Practical Handbook. Eighth Edition, remed and enlarged, 
Tcith numeroMS iltustratiimif. Vol. I., The Management of Accu- 
mulators. 12mo, cloth 81 .50 

Vol. II., Apparatus. 296 illuatrationH. 12mo, cloth S2.25 

Vol. III.. Applications. 12mo, cloth 81.50 

SAFFORD, P. G. ITitro-explosiveB. A Practical Treatise 

concerning the Properties, Manufacture and Analysis of Nitrated 
Substancea, including the Fulminates, Smokeless Powders and 
Celluloid. 8vo, cloth, 270 pages S3 . 00 

SAUNDERS, C. H. Handbook of Practical Mechanics 

for use in the Shop and Draughting-room ; containing Tables, 
Rulefl and Fcirmute, and Solutions of Praptical ProBtems by 
Simple and Quick Methods. IBmo, limp cloth !l . 00 

SADNNIER, C. Watchmaker's Han, book. A Workshop 

Companion for those engaged in Watchmaking and allied Mechan- 
ical Arts. TraTvslated by J. TrippUn and E. Rigg, Second Edi- 
tion, revised, vnlh app&ndix. 12mo, cloth 83 , 50 

SCHELLEN, H., Dr. Magneto-electric and Dynamo- 

electric Machines: their Conatructioti and Practical Application 
t«) Electric Lighting, and the Transmission of Power. Trans- 
lated from the third German edition by N, 8. Keith and Percy 
Neymann, Pli.D. With very larm additions and notes relating 
to American Machines, by N. S. Keith. VoL 1, with 353 illus- 
■ ■ ' Second Edition. 8vo, cloth S5 . 00 



SCHUMANN, F. A Manual of Heating and Ventilation 

in its Practical Application, tor the use of Engineers and Arrhi- 
tects. Embracing a Series of Tables and Formulte for Dimensions 
of Heating, Flow and Return Pipes tc)r Steam and Hot-water 
BoUerB, Flues, etc. J2mo, illustrated, full roan 81 . SO 

SCHMALL, C. N., and SHACK, S. M. Elements of Plane 

Geometry. An Elementarv Treatise. With many examples and 
diagrams. 12mo, half leather, illustrated. , nel, SI . 2R 

SCIENCE SERIES, The Van Bostrand. (Follows end of 

this list.) 
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SCRIBNER, J. H. Engmecrs* and Mechanics' Cotu- 

Knion. Coirprising t'niwd Slates Weiehts and Measures. 
rnsuralion of Supeifiws and Solids, TiJJles of Squ&res and 
Cubes, Square and Cube Roots. Qrcumferent* and Areas of 
CSrcles, the Ueclmnlcal Ponrere. Centres of Graviiv, Gravitation 
of Bodies, Pendulums, Specific Gravity of BcN&e». Strength, 
Weieht and Crush of Materiiils, Water-wheeb, Hydroetatics, 
Hvdraulira, Statics, Centres of Percussion and Gvration, Friction 
Heat, Tables of the Weight of Metals. ScantlW, et^.. Steam 
and Steam-engine. Taxnty-firgt Edition, reriatS, 16ino, full 
moroeco 81 . 50 

SEATOIT, A. E. A Hantial of Marine Engineering. Com- 

f rising the Designing, Construction and Working of Marine 
lachinery. With numerous tables and illustrations reduced from 
Working Drawings. 14(A Edition, revised throughout, with an 

additional chapter on Water-tube Boilers. Svo, cloth. S6 00 

and ROUNTHWAITE, H. M. A Pocketbook of 

Marine EngineerinR Rules and Tablffi. For the use of Jlarine 
Engineers and Nuval Architects, Designers, Draughtsmen. 
Superintendents and all engaged in the design and construction 
of Marine Machinery, Naval and Mercantile. SererUh Edition, 
TeviaedandeniaTged. Pocketaize. Leather, with diagrama. S3.00 

SEELIGMANlf, T., TORKILHOH, G. L., and FALCONWET, 

H. India Rubber and Gutta Percha. A complete practical 
treatise on India Rubber and Gutta Percha, in their historical, 
botanical, arixiricultunil, mechanical, chemical and electrical 
aspects. Translated from the French, by John Geddea Mclnlosh. 
Svo, cloth, illustrated, 412 pages net. $7.50 

SEVER, G. F., Prof. Electrical Engineering Experi- 
ments and Tests on Direct -ciirrfi it Machinery. With diaerams 
and figures. 8\'0 pamphlet, illustrated nrt, SI UO 

and TOWNSEND, F. LaboratoiT- and Factory Tests 

in Electrical Engineering. Svo, cioth, iUust rated, about 22.5 

pages -In Prets. 

SEWALL, C. H. Wireless Telegraphy. With diagrams 
and engravings. Second Edition, cnrreclfd. Svo, cloth, illos- 

trated. .. : net, $2.00 

Lessons in Telegraphy. For use as a text-book 

in schools and colleges, or for indi\-idual students. Illustrated. 

U 12mo, cloth K.dO 

T. Elements of Electrical Engineering, A 

iist Year's Course for Students, Second Edition, revised, with 

Jditional chapters on Alternating-current Working and Ap- 

Kbndix of Questions and .\nswcrs. With many diagrams, t^ies 

Bid examples. Svo, cloth, illustrated, 432 pages. ,.,,.. ne(, 13,00 
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SEXTON, A. H. Fuel and Refractory Materials. 8vo, 

cloth 52 . 00 

Chemistry of the Materials of Engineering. A Hand- 
book tor Engineering Students. With tables, diagrams and 
illustrations. 12mo, cloth, illuatrated 82 . 50 

SEYMOUR, A. Practical Lithography. With figures and 

engravings. Svo, cloth, illustrated net, $2.50 

SHAW, S. The History of the Staffordshire Potteries, and 

the Rise and Progress of the Manufacture of Pottery and Por- 
celain; with references to genuine specimens, ajid notices of 
eminent pottera. A re-isaue of the original work published in 
1829. Svo, cloth, illustrated net. $3.00 

Chemistry of the Several Natural and Artificial 

Heterogeneous Compounds used in Manufacturing Porcelain, 
Glass and Pottery, He-issued in its original form, published in 
1837. Svo, cloth r^i, $5.00 

SHAW, WM. J., Ljeut.-Col. Studies in Map Reading 

and Field Sketching. An aid to passing outdoor examinations in 
these subjects. Illustrated with 15 folding plates. 12mo, cloth, 
illustrated, 148 pages nel, $2.50 

Tactical Operations for Field Officers : being Up-to- 
date schemes worked out on training grounds at home stations. 
With folding plates and maps. 12mo, cloth, illusbrated, 321. 
pages $3 . 00 

SHELDON, S., Ph.D., and MASON, H., B.S. Dynamo- 
electric Machinery: its Construction, Design and Operation. 
Direct-current Machines. Fourth Edition, rei'ised, Svo, cloth, 
illustrated net, J2.50 

Alternating-current Machines : b^ing the second 

volume of the author's " Dynamo- electric Machinery ; its Construc- 
tion, Design and Operation." With many diagrams and figures. 
(Binding uniform with volume I.) Tkira Edition. Svo, cloth, 
illuatrated ne(, (2 , ,^0 

' ^ERRIFF, F. F. Oil Merchants' Manual, and Oil Trade 

Iteady Reckoner. With two sheets of tables. Second Edilion, 
k reviaed and etdarged, Svo, cloth n**, S3. 50 

I SHIELDS, J. E. Notes on Engineering Construction. 

r Embracing Discussions of the Principles involved, and Descrip- 

\ tions of the Material employed in Tunneling, Bridging, Canal and 

B Hoad Building, etc. 12mo, cloth. SI .50 



SCIENTIFIC PUBLICATIONS. 49 

fflVELL, A, T. Electric Motive Power: The TransmiBsion 

and Distribution of Electric Power by Continuous and Alternate 
Currents. With a Section on the Applications of Electricity to 
MiniagWork. Secovd EdiiUm. 8 vo, cloth, illustrated 54.00 

SOXHLET, D, H Art of Dyeing and Staining Marble, 

Artificial Stone, Bone, Horn, Ivory and Wood, and ot imitating 
all sorts of Wood. A practical Handbook for the use of Joiners, , 
Tumera, Manufacturers ot Fancy Goods, Stick and Umbrella 
Makers, C-ornb Makers, etc. Translated from the German by 
Arthur Morris and Herberts Robaon, B.Sc. 8voi cloth, 170 
pages net, S2 . 50 

SPANG, H. W A Practical Treatise on Lightning Pro- 
tection. With figures and diagrams. 12nio, cloth 51.00 

SPEYERS, C. L. Text-book of Physical Chemistry. 

8vo, cloth , S2 , 25 

STAHL, A. W., and WOODS, A. T. Elementary Mechan- 
ism. A Text-liook for Students of Mechanical Engineering. 
Tkirieentk Edilion, enlarged. 12mo, cloth 52,00 

STALEY, C, and PIERSON, G. S. The Separate System 

of Sewerage: its Tlieory and Constnietion, Third Edilinn, 
Teviaed and enlnrged. With chapter on Sewage Disposal. With 
maps, plates and illustrations. 8vo, cloth 83.00 

STAHDAGE H. C. Leatherworkers* Manual: being a 

Compendium of Practical Recipes and Working Formulie for 
Cumers, Boot-makers, Leather Dressers, Blacking Manufac- 
turers, Saddlers, Fancy Leather Workers and all persons en- 
gaged in the manipulation of leather. Svo, cloth net, 53 . 50 

Sealing Waxes, Wafers and Other Adhesive . For 

the Household, Office, Workshop and Factory. Svo, cloth, 9(i 
pages nel, $2.00 

STEWART R. W. A Text-book of Light. Adapted to 

the Requirements of the Intermediate Science and Preliminary 
Scientific Examinations of the University of London, and also 
for General Use. Numerous diagrams and examples. 12mo 
doth Sl.OO 

Teit-book of Heat. Illustrated. Svo, Cloth, $i.oo 

Text-book of Magnetism and Electricity. i6o Illus- 

nations and numerous examples. 12mo, cloth Sl.OO 

Elementary Text-book of Magnetism and Electricity. 

With numerous figures and diagrams. 12mo, eloth Jl.OO 



fiO D. VAN NOSTRAND COMPANY'S 

STILES, A. Tables for Field Engineers. Designed for 

Use in the Field. Tables containing all the Puiiclions of a One 
Degree Curve, from which a correeponding one can be found tor 
any re<iuired Decree. Also, Tables of Natural Sines and Taogenta 
12mo, morocco, tucks S2,0( 



STILLMAH, p. Steam-engine Indicator and the Improved 

Manometer Steam and Vacuum Gaugw; their Utility and Ap[ " 
cation. New edition. 12nio, flexible cloth Jl , 

STODOLA, A.. Dr. The Steam Turbine. With 300 dia- 

Erams and ill uatrat ions. Authorized translation by Dr. L. C, 
Loewenatein In Preu. 

STONE, R.. Gen'l. New Roads and Road Laws in the 

United Statea. 200 pages, with numerous lllusl rations. 12mo, 
cloth SI. 00 

STOHEY, B. D. The Theory of Stresses in Girders and 

Similar Structures. With Obseirations on the Application of 
Theory to Practice, and Tables of Strength, and other PropertiH 
of Materials. Neu> revised edilion, with numerous additiona 
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Graphic Statics, Pillars, Steel, Wind Pressure, Oscillating Stresses, 
Working Loads, Riveting, Streneth and Tests of MaterialH, 
777 pages, H3 illus. and 5 folding-plates. 8vo, cloth S12.fi0 ' 

STUART, C. B., TT.S.N. Lives and Works of CivU and ' 

MQitary Engineers of America. With 10 steel-plate engrBVio^ 
8vo, cloth WJO 

— The Naval Dry Docks of the United States. Illus- 

Irated with 24 fine engravings on steel. FouHk Edition. 
cloth % 

SUFFLING, E. R. Treatise on the Art of Glass Painting. 

Prefaced with a Review of Ancient Glass. With engravings and . 
colored plates. 8vo, cloth ner, $3.fi" 

SWEET, S. H. Special Report on Coal, Showing its Dis- 
tribution, Classification, and Costs delivered over Different Houtes 
to Various Points in the State ol New York and the Principal 
Cities on the Atlantic Coaat. With maps, 8vo, eloth S3. 00 

SWOOPE, C. W. P actical Lessons in Electricity: Prin- 
ciples, Experiments and Arithmetical Problems, An memeoialf 

Text-book. Witli numerous tables, formulie, and two ' ~ 

rtniction plates. 8vo, cloth, illustrated. Fifth Edilion. . 
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PYWCHON, T R., Prof. In:roduction to Chemical Physics, 

designed f<:ir the use of Apadeiaiea, Collegee and High Schools. 
Illustrated with numerous engravings, and fontninmg copious 
experiments, with directions for preparing them. New hdUion. 
revwed and enlarged, and illustrated by 269 wood engravings, m-o, 
cloth 83.00 

RADFORD, C. S., Li ut. Handbook on Naval Gunnery. 

Prepared by Authority of the Navy Departiment. Foi the use 
ot U. S. Navy, U. S. Marine Corps, anif U. S. Naval Reserves. 
Revised and enlarged, with the assistance of Stokely Morgan, 
Lieut. U. S. N. Third Edition, reviied and enlarged. 12mo, 
flexible leather 82 . 00 

RAFTER, G. W. Treatment of Septic Sewage (Van 
Noatrand's Science Series, No. 118). 16mo, cloth 50 

Tables for Sewerage and HydrauUc Engineers. In Press, 

and BAKER, M. N. Sewage Disposal in the United 

States. Ulustratiojis and folding plates. Third Edition. Svo, 
cloth $6.00 

RAM, G. S. The Incandescent Lamp and its Manufac- 
ture. 8vo, Cloth S3. 00 

RAMP, H. M. Foimdry Practice In Press ^ 

RANDALL, J. E. A Practical Treatise on the Incan- 

desoent Lamp. Ifimo, cloth, illustrated .,'iO 

RANDALL, P. M. Quartz Operator's Handbook, New 

Edition, revised and enlarged, juUy iUuslrated. I'Jmo, cloth, S2.C0 

RANDAU, P. Enamels and Enamelling. An introduction 

to the preparation and application of all kinds of enamela for 
technical and artistic purposes. For enamel-makers, workers 
in gold and silver, and manufacturers of objects of art. Third 
Oerman Edition. Translated by Cliarles Salter. With figures, 
diagrams and tables. 8vo, cloth, illustmted n«f, S4.00 

BANKINE, W. J. M. Applied Mechanics. Comprising 

the Principles of Statics and Cinematics, and Theory of Stntc- 
turefi. Mechanism, and Machines. With numerous diagrams. 
Seventeenth Edition, thoroughly revised by W. J. Millar. Svo, 

doth J5.00 

Civil Engineering. Comprising Engineering Sur- 
veys, Earthwork, Foundations, Masonrv, Carpentry, Metol- 
work. Roads, Railways, Canals, Rivers. Water-works, Harbof 
etc. With numerous tables and illustrations. Ticeniy-fir 
Edition, thoroughly revised by W. J. Millar. Svo.cliAU. ... V.-' 



52 D. VAN N'0STR.4\D COMPAXY'3 

THORHLEY, T. Cotton Combing JCachines. With Nu- 
merous tables, engravings and diagrams. Svo, cloth, illustrated, 

343 pages net, »3,(»' 

Conlenlt. — Preface; Liat of Illustrations; The Silver Lap Mft< 
chine; Ribbon Lap Machine and Drew-frame; General Desciip'. 
(ion of the Heilmann Comber; The Cam Shaft; The Detachii^'' 
and Attaching Mechanism of the Comber; The Duplex Comher; ' 
Resetting of Combers; The Election of a Ueilmann Comber; 
Stop H<i«ionB; Various Calculations; Various Notes and Dis- 
cumoiib; Cotton Combing Macliines of Continental Make: Inde^E. 

TODD, J., and WHALL, W. B. Practical Seamanship 
for Use in the Merchant Service; including all ordinary subjects; 
also BtCAm Seamanship, Wreck Lifting, Avoiding ColliBioii. Wire 
Splicing, Diajdacemeiit arid everything aereaaary to be known 
by seamen of the present day. Fifth Edition, with 247 illus- 
trations and diagrams. 8vo, cloth net, t7.S" 

TOOTHED GEARING. A Practical Hand book for Offices 

and WortuhopB. By a Foreman Patternmaker. 184 illustra- 
tioiia, 12mo, clotli 82.25 

TRATMAN, E. E, R. R^Uway Track and Track-work. 

With over 200 Uluatratlona. Rvo, cloth *3,O0 

TRAVERSE TABLE, Showing Latitude and Departure 

for ea<;h Quarter Degree of the Quadrant, and for Distances from I 
to 100, to wliich is appended a Table of Natural Sines and Tan- 
eentiS for each five minutes of the Quadrant. (Reprinted from 
Bcribner'H Pocket Table Book.) Kan Nostran^e Science Series. 

16mo, cloth $0.50 

Morocco jl ,00 

TREVERT, E. How to Build Dynamo-electric Machinery, 

embracing Theory, Designing, and Construction of Dvnamos and 
Motors. With appendices on Field Magnet and Armaturt 
Winding, Management of Dynamos and Motors, and Useful 
Tftble^ot Wire Gauges. 8vo, cloth, illustrated $2.50 

Electricity and its Recent Applications. A Practical 

Treatise tor Students and Amateurs, with an Illustrated Dieti 
of Electrical Terms and Phrases. 12mo, clotli. 
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TUCKER, J. H., Dr. A Manual of Sugar Analysis, in- J 

eluding the Applications in General of Analytical Methods to thel 
Sugar Industry. With an Introduction on the Chemistry ofl 
Cane-sugar, Dextrose, LeiTilose and Milk-sugar. 8vo, cloth, B 
illustrated — . " 
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REED'S ENGINEERS' HANDBOOK, to the Local Marine 

Board Examinations for Certificates of Competency as First and 
Second Clflsa Engineers. By W. H. Thorn. Wit'h the answers 
to the Elementary Questions. Blustrated by 35S diacrams 
and 37 large piat^. Seventeenth Edition, remaed and enbrged. 
8vo, doth S5.00 

Key to the Seventeenth Edition of Reed's Engineer's 

Handbook to the Board of Trade Examination for First and 
Second Clasa Engineers and containing the workings of all the 
questiona given in the examination papers. By W. H. Thorn. 
Svo, cloth S3 , 00 

Useful Hints to Sea-going Engineers, and How to 

Repair and Avoid "Breakdowns": also Appendices containing 
Boiler Explosions, Useful Formula!, etc. With 43 diagrams 
and 8 plates. Third Ediliim, rcoised and enlarged. 12nio, 
cloth Sl.SO 

Marine Boilers. A Treatise on the Causes and Pre- 
vention of their Priming, with R-emalrks on their General Manage- 
ment. 12mo, cloth, illustrated S'J.OO 

REINHARDT, C. W. Lettering for Draftsmen, Engineers, 

and Students, k Practical System of Free-hand Lettering fiir 
Working Drawings. Revised and enlarged edition. ThirfesTUh 
Thousand. Oblong, boards SI .00 

The Technic of Mechanical Drafting, A Practical 

guide to neat, correct and legible drawing, containing many illus- 
trations, diagrams and full-page plates. 4to, cloth, illus. , . SI .00 

REISER, F. Hardening and Tempering of Steel, in Theory 

and Practice. Translated from the German of the third arid 
enlarged edition, by Arthur Morris and Herbert Robson. 8vo, 
cloth, 120 pages 82 . 60 

REISER, N. Faults in the Manufacture of Woolen Goods, 

and their Prevention. Translated from the second German 
edition, by Arthur Morris and Herbert Robson. 8vo, cloth, 
illiiatrated net, $2,50 

Spinning and Weaving Calculations with special 

reference to Woolen Fabrics. Translated from the German by 
Chas. Salter 8vo, cloth, illustrated net, $5.00 

RICE, J. M., and JOHNSON, W. W. On a New Method 

of ObtaiuinR the Difierential of Functions, with especial refer- 
o the Newtonian Conception of Rates or Velocities. 13mo, 
paper 50 



SmfiAl^ 9.. D-Sc One and One Testing witSt 

irui 'LAhlm. 'tvo. i^nih. lUiutralm „^ «4. qq 

RdGVALT, J. L. DcvdapomC of Tran^artadcn Sis> 

'.enw in the Cnrtnl JtMlM, aMMOnNHK s Cdmpreiicnavo p- 
■■ - ■ leading fr^- ^~- 



era r.i rlie pnan n- tncg j ip_ ^^ r idtannels. mada, ini™. 

Esnola. railways. il.«mj>, w.liu.hiii laos. auit loctnaotivQBv ttin 
cnac of tmnsporcalum at vuiom penods and piai-oa bv- tbo dUbp- 
eat TtlRthnda; ihe linnnrml , enidaecaii]^ meciianii^U. b>vb(b~ 
owsital ODit pnrmlar queatiDna dial: have luiam. and. imtirfJii 
inrjiienu in railway hwiory. mnstriicDon and ups^iauiin. Witk 
IQiMnatioiia of hundredB ■tl typical obiects. Qnarto, hall nai- 

"w'™* *7.50 

KSPVER, v. A Coarse a£ Instmcdoii in. Xacbaie Dzawsu 
and Oi!si!pi tor Twtiniivii Srhooia and Empnet;r Students. Wiiifa 
52 plai«» and numeroua explanatory enaravings. Folio, dat^ 

Rt^EHTSOS, L. S. Water-tube Bail»s. 

■hort mime -if Lectures ileliv»T&l -si Univeiaiiv ( 

With BDwarrf of I^ iUusctJiCiona jjiii 'iiagrams. 




JbOaXUBG, J. A. Laa% and Swrt Span Railway 1 

niuBtrarwi *itli Ij*"^ '^r,pper-plat« engTavings ot plana and views. 
Imppnai folio, rioth. J25 qq 

ROSE, J., If^ Tb; PatteciMnakers' Asaatant. Emfeoc- 
«ng L«h«t Work. Bwjurh Work. Core Wort, Swkd Work ^cd 
PneCieat Ge»» CooBtractiooB, tiie Preparation ami fae of ToiJs. 
•wedier with » laip (aOectuin of useful and valuable TaUn^ 
JlTw^ J&ftfia*- Witt 2S0 eneravingi. Sva, cloth. .. . . e a) 



Key to Eapnes ■»* Engine-runnmg. A Practical 

Treatise iKWW »»>« Manmnusit of St«un-enginea and Boilers for 
the iwe ot thoae wtid dewre to pajM an esamiuation. to ta^ 
eUrife of ao engine o' bcite- With nomer. jus iUustmtitms, 
and IiwtnlrtuM" m/on Engineers' Calmlatums. Iii,Ce»tore. 
U^MnuiM, Ewpoje Adjustmenta and mher \ aluable InfoRoation 
Mumarr fnTF-f?"*^" ""^ Firt..ni.n 12mo, cloth. Ilhis. , J2-S0 

ROWAW V. J- "^^ Practical Phyacs of the 

gt,^„^.[,oijer. With an Introduction by Prof. R. H, 

With namerous illustrations and diagrama. S%^. dom, ium- 

»7.a6 

]^ Bistoiy and Pn^rcss of the Electric Tdt- 
With descriptions of some of the appatatoa. iSnm^ 
anlh addiliona. I2mo, cloth tlM 
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SAELTZER, A. Treatise on Acoustics in Connection 

with Ventilatiou. 12mo, doth $1.00 

SALOMONS, Sir D., M.A. Electric-Ught InstaUations. 

A Practical Handbook. Eighth Editwn, rerixed and enlarged, 
with nurneroua illimtTUlions, Vol. I., The Matiagement of AcfU- 

imilators. 12nio, cloth $1 .50 

Vol. 11., ApparatuB. 296 Uluatrationa. 12mo, cloth S2.25 

Vol. III.. Applications. 12mo, doth 81.50 

SAWFORD, P. G. ITitro-eiploslves. A Practical Treatise 

concerning the Properties, Manufacture and Analysis of Nitratf^d 
Substances, including the Fulminatea, Smokeless Powders and 
Celluloid. 8vo. cloth, 270 pages S3 . 00 

SAUNDERS, C. H. Handbook of Practical Mechanics 

for use ill the Shop and Draughting-room; containing Tables, 
Kuleg and FormuUf!, and Solutions of Practical Problems by 
Simple and Quick Methods. 16nio, limp clotli $1 . 00 

SAUHNIER, C. Watchmaker's Hanbook. A Workshop 

Companion for those engaged in Watchmaking and allied Me^^han- 
ical Arts. Translated by J. Tripplin and E. Rigg. Second Edi- 
tion, rei-ised, with appendix. 12mo, cloth $3 ,50 

SCHELLEN, H., Dr. Magneto-electric and Dynamo- 
electric Machines: their Construction and Practical Application 
to Electric Lighting, and the Transmission of Power. Trunn- 
lated from the third German edition bv N. S. Keith and Percy 
Neymann, Ph.D. With very large additions and notes relating 
to American Machines, by N. S, Keith. VoL 1, with 353 illus- 
Semnd Edition. 8vo, doth S5 . 00 



SCHUMANN, F. A Manual of Heating and Ventilation 

in its Practical Application, for the use of Engineers and Archi- 
tects, Embracing a Series of Tables and Formiflie for Dimensions 
of Heating, Flow and Return Pipes for Steam and Hot-water 
Boilers, FTues, etc. 12mo, illustrated, full roan 81.50 

* SCHMALL, C. N., and SHACK, S. M. Elements of Plane 

Geometry. An Elementarv Treatise. With many examples and 
diagrams. 12mo, half leather, illustrated ne(, $1 .25 

SCIENCE SERIES, The Van Kostrand. (Follows end of 

this list.) 



S0 D. VAN NOSTRAND COMPANY'S 

WARING, G. E., Jr. Modern Methods of Sewage Disposals 
for Town«, Public Institutions anil IsolatPil Houses. Smml 
Edition. Tfr'ised and enlarged. 2(i(l panes. Illua Cloth.. . »2 OO 

How to Drain a House. Practical Informaticm for 

Householders. Third F.dilinn, fn/irycd. 12Tno, cloth $1,25 

WATSON, £. P. Small Engines and Boilers. A Hanna' 

of Concbe and Spticiftc Directions for the Construction of Small 
Stetun-enginee and Eloilera of Modem Types from five fioTse- 
power down to model siies. Illustrated with Numerous Dia- 
grnms and Half-tone Cuta. 12mo, cloth $1 .25 

WATT, A. Electro-plating and Electro-refining of Hetals: 

lieinp ft new edition of Alexander Watts' " Electro-Depoation. " 
Revised and largely reiirritlen by Aroold Philip. B.Sc. With 
numerous lig;urea and engravings. Svo. ctoth, illustrated, 6Sr 
pagea net, $4.5 

Electro'-metallurgy Practicallj^ Treated. Eleventh 

Edition, contiderabhj enUirged. i2ma, cloth. $1 .0" 

The Art of Soap-making. A Practical Handbook of 

the Manufacture of Hard and f^ft f?oap9, Toilet Soaps, etc, In- 
cluding many New Proeessea, and a Chapter on the Recovery of 
Glycerine from Waste I.yps. With illuatrationa. Fifth Edition. 
rei'ieed and enlarged. Svo, cloth. , 13.00 

The Art of Leather Manufacture: being a Practical 

Handbook, in whiph the Operations of Tanning, CurTyine and 
Leather Dressing are F'uUy Described, and the Principlee of 
Tanning Explained, and many Recent Processes Introduced. 
With numerous itlustrattons. Second Edition. Svo, cloth. . t4.00 

WEALE, J. A Dictionary of Terms Used in Architecture, 

Building. Engineering. Mining. Metullai^. Archicology. the Fine 
Arts, etc., with explanatory observations connected with t4>pr " 
[science and Art. Fifth Edilum, rerisfd and corrected. I2[ 
cloth S3. 

WEBB, H. L. A Practical Guide to the Testing of Insu- 
lated Wir<e and Cables. Illustrated. 12mo,doth Sl.OO 

The Telephone Handbook. 128 Illustrations. 146 

pages, llimo, cloth JI . ~" 

WEEKES, R. W. The Design of Alternate Current Tniw- 
fomiers. Illustrated. 12ma, cloth tl.OO 
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WEISBACH, J. A Manual of Theoretical Mechanics. 

Ninth American edition. Translated from the [ourth augmented 
and improved German edition, with an Introduction to the Calculus 
by Eckle^ B. Coxe, A.M., Mining Engineer. 1,100 pages and 902 

mwdcut illuatrationa. 8vo, cloth S6.00 

Sheep $7,50 

Mechanics of Air Machinery. Translated with an 

appendix on American Practice by Prof. A. Trowbridge, Columbia 
Univereity In Press, 

WESTON, E. B. Tables Showing Loss of Head Due to 

Friction of Water in Pipes, Second Edition. 12mo, cloth, . SI. 50 

WEYMOUTH, F. M. Drum Armatxires and Commutators. 

(Theory and PracticCjl A complete Treatise on the Theory 
and Construction of Drum Winding, and of commutators for 
closed-coil armatures, together with a full r^suni^ of some of the 
principal points involved in their design, and an exposition of 
armature reactions and sparking. Svo, cloth $3.00 

WHEELER, J. B., Prof. Art of War. A Course of 

Instruction in the Elements of the Art and Science of War, fnr 
the Use of the Cadets of the United States Military Academy. 
West Point, N.Y. 12mo, cIoth..._ 81.75 

Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United States Military 
Academy, West Point, N, Y. 12mo, cloth S1.75 

WHIPPLE, S., C.E. An Elementary and Practical Treatise 

on Bridge Building. 8va, cloth S3. 00 

WHITE, W. H., K.C.B. A Manual of Naval Architecture, 

for use of OfKcent of the Royal Navy, Officers of the Mercantile 
Marine, Yachtsmen, Shipowners and Shipbuilders. Containing 
many figures, diagrams and tables. Thick, Svo. cloth, illus- 
trated SS.DO 

WHITELAW, J., Jr. Surveying, as Practiced by Civil 

Engineers and Surveyors; including the setting-out of work for 
construction and surveys abroad, with examples taken from 
actual practice. Intended as a handbook for Field and Ofiice 
use; also as a t«xt-book for Students. With numerous tables, 
full-page plates and diagrams. Svo, doth, illustrated, 516 
pagee net, S4.00 

WILKmSOH, H. D. Submarine Cable-laying, Repairing, 

and Testing. Svo, cloth 
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WnXIAMSOH, R. S. On the Use of the Barometer oo 

Sorveya and RecoiinoUsanc«s. Part I. M^ttorology in its Coa- 
oeclkin with Hypsometry. Part 11. Baromettv Hrpsmtetiy. 
With aiuwrative tablea and engrai-ings. 4to. di>th.I_. SI&.OO 

Practical Tables in Meteorology and Rypsomttry, in 

cooaectioa with the use of th'P Barometer. 4to. cloth S2.£0 

WILSOff, G. Inorganic Chemistry, with New Notation. 

' Revised and ejilarged bv H. G. Mfidaii. AVir editum. I2nio, 

cloth- $2 00 

WnXSOir, v. if. Theoretical and Practical Graphics. 

An Educfttional Course on the Theory and Praclical Applications 
of Dwcriptive Geonielrv and Mechanical Drawine. Separed 
for Etudenlo in General Seience. Eneraring, or Architecture, 
Third Edition, reeiied. 4lo, doth, illustrated nrf, S4.00 

' Note-taking, Dimensioning and Lettering. 4to, Cloth, 

' illustrated net.tl.25 

Third Angle Method of Making Working Drawings. 

I 4to, cloth, illuHtrated nf(, $1.25 

I Some Mathematical Curves, and Their Graphical 

r Construction. 4to, cloth, illustrated net, SI. GO 

Practical Engineering Drawing and Third Atigl* 

Projection. 4lo. clolh, iliusiruted net, $2.80 

Shades, Shadows, and Linear Perspective. 4to, Cloth. 

iiluBtrated. net, $1 . 00 

1 Descriptive Geometry — Pure and Applied, with a 

I chapter on Higher Plane Ctines. and the HelL\. 4to, dorh 
I illuatraied , ne/, $3.00 

[ WINK 

^^_ ^.^ 

^^^^^ wit 

^^^^h tra 



WINKLER, C, and LUNGE, G. Handbook of Technical 

Gas-Analysis. With figures and diagrams. Second English fdi- 
tion. Translated from the third (crently enlarged German edition, 
with some additions by George Lunge, Ph.D. 8vo, cloth, illuft- 
^ trated, 180 pages $4.00 

ODBDRY, D. V. Treatise on the Various Elements 

t of Stability in the Well-proportioned Arch. With numerous 
r tables of the Ultimate and Actual Thnast. Svo, half morocco. 
' illustrated $4.00 
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WRIGHT, A. C. Analysis of Oils and Allied Substances. 

8vo, cloth, illustrated, 241 pages net, $3.50 



WIUGHT, T. W., Prof. (Union College.) Elements i 



WYHKOOP, R. Vessels and Voyages, as Regulated by 

Federal Statutes aiid Treasury laatnictiona aiid Deeiaioiis. 8\-o, 
cloth 32.00 

YOUHG, J. E. Electrical Testing for Telegraph Engineers, 

With Appendices consisting of Tables. 8vo, doth, illus. . . $4.00 

YOUNG SEAMAM'S MANUAL. CompUed from Various 

Authorities, and Illustrated with Numerotis Original and Select 
Designs, tor the Use of the United States Training Ships and the 
Marine Schools. Svo, half roan $3.00 

ZIPSER, J, Textile Raw Materials, and Their Conversion 

into Yams. The study of the Raw Materials and the Technology 
of the Spinnine Process. A Text-book for Textile, Trade aiid 
higher Technical Schools, as also for self- instruction. Based upon 
the ordinary syllabus and curriculum of the Imperial and Royal 
Weaving Schools. Translated from the German by Chaa. Salter. 
Svo, cloth, illuatiatod net, J5.00 
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^TTiEY are put up at a uni/iirm. luat. i 

boarJf. Price jO cents per volume. Tlu svhjecU art of a 
etninenlly scientific character ai%d embrace a wide rangf of topics, ok 
are amply iiluslraled -Jiken ike subject demands. 
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Rrtlv rpwritlen. with an Appendix 
aii'ehf." hy F E. Mell. M.E. 
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Ho. 4. PROPORTIONS OF PIUS USED IS BRIDGES. By Cliadn 

E. Beniler. C E. Second eiJition. with AppendLx. 
Vo. 5. VEHTILATIOIT OF BniLDIKGS. By W. F. Butler Second 

edition, rp-«dil«i and enlarged by James A. Grwnleaf, C.E. 

New edition in press. 
■o. 6. OK THE DESIGHmG JHfD COHSTRDCTIOn OF STORAGE 

Searrvoin. By Arthur Jacob. B A. Second American ofititHi, 
revised, with additions by E. Sherman Gould. 
Vq. 7. SURCHARGED ASD DIFFESEITT FORKS OF RETADEUfS- 

walls. By James ^ Tiif.e. L'.E. 
Ro. 8. A TREATISE Oft THE COMPOUirD STEAH-ESGIHE. Bf 

JfihnTiimbuU, Jr 2nd edition, revised by Prof. S. W. " " 
ITo. 9. A TREATISE OH FUEL. Br Arthur V. Abbott, C.E. 

on the orisinul treatise of C. Williarn Siemens, D.C.L. 
Ho. 10. COKPOUND EITGUTES Translated from the French at A. 

.Mallet. Second edition, re^-laed with results of American Pne- 

lice. hy Richard H. Buel. C.E. 

fl, THEORY OF ARCHES. By Prof- W. Allan. 
■-. THEORY OF VOUSSOIR ARCHES. By Prof. Wm. Cain. 
Kood edition, revised and enlarged. 
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^vised, and enlarged by Edward H. Wdliai 

f J. J, Atkinson, Second 

By Prof. E. W. Hyde, C.E. Illustrated. 

. i6. GRAPHIC METHOD FOR SOLVIKG CERTAIH QUESTIONS 

in ArithiTietio or Algebra. By Prof, G. I.. Voae, Second 
edition. 



By John B. UcMaeter, 

2:, SAFETY VALVES. By Richard H. Buel, C.E. Third edition. 
. Sherman Gould, M. Am. 

Ho. 23. THE FATIGUE OF METALS UHDER REPEATED STRAINS. 

With various Tables of Reaulls and Experimenta, From the 
German of Prof. Ludwie Spaneenbureh, with a Preface by S. H. 
Shreve, A.M. 

Ho. 24. A PRAcncAL TREATISE OH THE TEETH OF WHEELS. 
By Prof. S. W. Robinson. 2nd edition, revised, with additions. 

Ho. 15. THEORY AND CALCULATION OF CANTILEVER BRIDGES. 
By R. M. Wilcox. 



No. 27. BOILER INCRUSTATION AND CORROSIOH. By F. T. 

Rowan. New edition. Revised and partly rewritten by F. E. 
IdeU, 



Translated from the French of M, 
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By W. 
By Geoige W. Rafter, tE. 



Ho. 35. THE ANEROID BAROMETER: ITS CONSTRITCTIOII ASD 

Use. Compiled by Geoi^ W. I'ijTnpton. Eighth edition, 
revised and enlarged. 



Bj J. Clerk HaxweU, HJL SteottA 
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Robert Zahner, M.E. 



H«. 42. THEORY OF STEEUCOHCRETE ARCHES, AITO OF 

Vaulted StructuRs*. By Prof. Wm. Cain, Third edition, 

thorou)[Iily revised. 
no. 43. WAVE AND VORTEX MOTIOK. By Dr. Thomas Craif, 

of Johns Hopkins University, 
ITo, 44. TURBINE WHEELS. By Prof, W. P. Trowbridge, ColtimUa 

College. Second edition. Revised. 
No. 45. THERMO-DYHAMICS. By Prof. H. T. Eddy, Univermty 

of Cincinnati, New edition, in press. 
No. 46. ICE-MAKING MACHINES. From the French of M. I^ Doux. 

Rexised hjf Prof. J, E. Denton, D. S, Jacabos, and A. Rieaenberger. 

Fifth edition, revised. 
No. 47. LINKAGES: THE DIFFERENT FORMS AND USES OF 

Articulated Links. By J, D, C, De Roos, 



JTo. 40. MOTIOH OF A SOLID IN A FLinD. By Thomas Craig, Ph.D. 
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Ho. 51. THE TELESCOPE : OPTICAL PRINCIPLES IITVOLVED IN 

the Con?tniction of Retracting and Reflecting Telescopes, with 
a new chapter on the Evolution of the Modem Telescope, and a 
Bibliography to date. With diagrams and folding plates. By 
Thomas Nolan. Second edition, reviseil and enlarged. 

Ho. S3. mAGIHARY pnAHTITIES: THEIR GEOMETRICAL IN- 
t«rpretation. Translated from the French of M, Argand bv 
Prof. A. S. Hardy. 

No. S3. IMDUCTIOH COILS: HOW MADE AND HOW USED. 
Eleventh American edition. 



Ho. 57. INCANDESCENT ELECTRIC LIGHTING. A PracUcal De- 
scription of the Edison System. By L. H. Latimer, To 
which is added the Design and Operation of Incandescent Sta- 
tions, by C. J. Field ; and the Maximum Efficiency of Incandescent 
Lamps, by John W. Howeli. 

Ho. s8. VENTILATION OF COAL MINES. Bj W. Fairley, M.E., 
and Geo, J. Andrt, 

Ho. SQ. RAILROAD ECONOMICS; OR, NOTES WITH COMMENTS. 
By S, W. Robinson, C,E. 

Ho. 60. STRENGTH OF WROOGHT-IRON BRIDGE MEMBERS. 
By B, W. Robinson, C.E, 



No. 64. ELECTRO-MAGNETS. By A. N. Mansfield. 



Ho. 66. DTNAMO-ELECTRIC MACHINERY. By S. P. Thompson. 

With an Introduction by F. L. Pope. Third edition, revised. 
No. 67. HYDRAULIC TABLES FOR THE CALCULATION OF THE 

Discharge through Sewera, Pipes, and Conduits. Based on 
"Kutter^s Formula," By P. J. Flynn, 
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Ho. 70. EXPLOSIVE MATERIALS. By Lieut John P, ^ 



Bo. 71. TOPOGRAPHICAL SDRVEYIBG. 
Prof. A.; ^ .. .. . 



Ho. 75. RECEHT PROGRESS IH DYHAMO-ELECTRIC MACHDIES, 

IJeing a Supplement to '' Dyuamo-electric Machinerj-," Bf 
Prof. Sylvamw P. Thompson. 



Ho. 79. THE FIGURE OF THE EARTH, By Frank C. RobGrts, C.E. 
Ho. 80. HEALTHY FOUHDATIOKS FOR HOUSES. By Glenn 

Ho. 8i. WATER METERS: COMPARATIVE TESTS OF ACCURACY, 

Delivery, er. Distinctive features of the Worthington, Ken- 
nedy, Siemjna, and Hesse meters. By Ross E. Browne. 



Ho. 83. MECHAKICAL IHTEGHATORS. By Prof. Henry S. H. 

Shaw, C.E, 
Ho. 84. FLOW OF WATER IN OPEH CHAHHELS, PIPES, COH- 

duits, Kewx'ra, etc. With Tables. By P. J. Klynn. C.E. 

Ho. 85. THE LUMimFEROUS .ffiTHER. By Prof. De Volson Wood. 

Ho. 86. HAHDBOOK OF MIHERALOGY: DETERMIHATIOH, DE- 
scription, and Classification i.f Minerals Found in the United 
States. By Prof. J. C. Foye. Fifth edition, revised. 
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Ho. gi. LEVELING: BAROMETRIC. 



Her. 93. RECENT PRACTICE IN THE SANITARY DRAINAGE OF 

Buildings, With Memoranda on the Cost of Plumbing Work, 
Keeond edition, revised and enlargod. By William Paul Ger- 
hnrd, C.E. 

By Dr. C. Meymolt 

By Isami Hiroi, C.E. 

By Gisbert Kapp, 

By W. Paul 

No. gS. PRACTICAL DYNAMO-BUILDING FOR AMATEURS. HOW 
to Wind for Any Ouljiut. Hy Frederick Walker. Fully illuv 
trated. 

No. 09- TRIPLE-EXPANSION ENGINES AND ENGINE TRIALS. 

Prof. Oaboriio Reynolds. Edited with notes, etc, by F. E. 
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Idell, 



'. 100. HOW TO BECOME AN ENGINEER; or. The Theoretical 
and Practical Training necnsstiry in Fitting for the Duties of 
the Civil Engineer, By Prof. Geo, W. Plympton. 

. lOi. THE SEXTANT, and Other Reflecting Hathematical Instnt- 
mentH. With Practical tlints for their Adjuatiueiit and Use. 
By F, R. Brainard, U. S. ^nvy. 

. 102. THE GALVANIC CIRCUIT INVESTIGATED MATHE- 

mnticallv. By Dr, G. S, Ohm, Berlin, 1S27. Translated by 
William 'Francis. With Preface anJ Nutes by the Editor, Thomas 
D. Lockwood, M.I.E.E, 
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